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Abstract
This thesis consists of three articles covering topics in corporate cash holdings. The
ﬁrst article proposes to map the current state of cash holdings through a systematic
literature review that show links, core ideas, networks, methods, and ﬁndings that have
built the research pathway for corporate cash holding strand. Basically, the saying once
bitten, twice shy reﬂects how ﬁrms around the world have behaved over time regarding
their cashholding policy. We show that the upward trend on cash holdings remains
across ﬁrms from both developed and developing countries. In a survey of 105 papers
from 1997 to 2015, we identify papers published on cash-holding research that have used
agency theory, trade-oﬀ theory, pecking order theory, and contemporary approaches to
ground theoretical and empirical improvements to the cash holding literature. We then
classiﬁed and coded each paper, and a research agenda and some recommendations that
may advance the ﬁeld are presented.
The second article attempts to answer an unexplored issue related to insider owner-
ship, cash holdings and idiosyncratic risk. Cash is considered the most liquid of a ﬁrm's
assets enabling ﬁrms to ﬁnance growth opportunities, avoiding the high cost of raising
external funds, and providing liquidity when ﬁrms need it the most. Although excess cash
increases a ﬁrm's ability to reach corporate goals, it does not ensure that managers will
commit to a corporate strategy that protects shareholders and other investors. To miti-
gate potential misbehaviour, insider ownership should be increased to align managers with
shareholders' interests. However, if a signiﬁcant proportion of manager's personal wealth
is linked to compensation packages based on equity shares, managers will be exposed to
idiosyncratic risk. We investigate the relationship among corporate cash holdings, insider
ownership, and idiosyncratic risk. Using a sample of US ﬁrms from 1992 to 2014, we
ﬁnd that idiosyncratic risk drives ﬁrm cash policies, and insider ownership is negatively
related to corporate cash holdings. We do not ﬁnd that the level of insider ownership
aﬀects the cashidiosyncratic risk relationship.
The third article focuses on the real consequences on cash policy when ﬁrms face
expected and unexpected shocks. In particular, it is explored how cash holdings and
derivatives instruments interplay to manage corporate risk on exogenous shocks. We em-
ploy diﬀerenceindiﬀerences methodology around two exogenous variation that produce
expected and unexpected shocks on corn price volatilities in the American market. The
paper provides evidence that the unexpected shock positively inﬂuences ﬁrms to hold-
ing cash. We further ﬁnd that ﬁnancially constrained ﬁrms also maintain higher cash
balances than unconstrained ﬁrms after unexpected exogenous variation. The analysis
also reveals that cash holdings and derivatives instruments perform a substitute role on
ﬁrm's risk management policy. The ﬁndings suggest that ﬁrms that used derivatives are
less sensitive to exogenous shocks than ﬁrms that did not use these ﬁnancial hedging
instruments.
Keywords: Cash holdings, idiosyncratic risk, managerial ownership, ﬁnancial constraints,
derivatives.
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1 Introduction
Why ﬁrms hold cash? What is the value of cash holdings? Is there an optimal
amount of corporate cash holdings? How cash aﬀects other corporate policies such as
investment, ﬁnancing and risk management? These questions have been extensively de-
bated in corporate ﬁnance ﬁeld over the last two decades. In fact, from funding daily
operations through ﬁnancing longterm investment to hedging risk, cash holdings play
an important role at the ﬁrm's heart decisions. In this regard, understanding cash policy
appears to be a relevant issue if we want to enhance and reﬁne our knowledge on ﬁrm
value, corporate investment and ﬁnancing choices.
Three related facts have contributed to highlight the importance of cash holdings
in corporate ﬁnance ﬁeld. First, the dramatic increase of cash reserves by ﬁrms around
the world in recent years. Second, the relevance of cash holdings among ﬁrms' ﬁnancing
choices. Third, the role of cash holdings have performed in risk management strategy.
While the ﬁrst strand has attempted to present the determinants of why ﬁrms hold cash,
the second and third ﬁelds have studied how ﬁrms employ cash in corporate decisions and
the real consequences of corporate choices.
The upward trend in cash holdings has been noticed either in the US or over the
world. Among nonﬁnancial S&P500 ﬁrms, cash ratios increased from $200 billion in 1996
to $1,334 billion in 2012 (Almeida et al., 2014). The median cash to total asset ratios
varied over the period 19892009 from 2.3% for New Zealand to 3.6% for Russia, 5.2% for
Australia, 8% for Finland, 10.1% for Sweden, 13.7% for Singapore, and 16.6% for Hong
Kong (Y. Chen et al., 2015).
Three main explanations have prevailed on the literature for the increase in ﬁrms'
cash levels: precautionary motive, taxbased reasons, and agency incentives. The pre-
cautionary motive arises when ﬁrms are likely to face any constraints or uncertainty re-
lated to future economic or business condition. Under tax-based perspective, ﬁrms would
hold cash overseas to avoid taxation costs associated with repatriation of foreign income
(Fritz Foley et al., 2007) or/and to pay future tax claims on prior and current tax posi-
tions (Dyreng et al., 2008). Agency incentives aim for disciplining manager misbehavior
regarding the eﬃcient use of cash and aligning managers and shareholders interests to
enhance ﬁrm value (Nikolov & Whited, 2014; Louis et al., 2012; Dittmar & Mahrt-Smith,
2007; Mikkelson & Partch, 2003).
As a ﬁnancing instrument, cash holdings can be used to undertake proﬁtable in-
vestment opportunities (Ferreira & Vilela, 2004), to reduce the cost of accessing external
ﬁnancing (Almeida et al., 2004), to service debt during economic distress (Acharya et al.,
2007), and/or as a resource to be utilized during diﬃcult times (Campello et al., 2011).
Although excess cash raises the ﬁrm's ability to support its ﬁnancing and investment poli-
cies, it does not provide assurance that managers will commit to a corporate strategy that
protects shareholders and other investors (Arnold, 2014). As a result, agency conﬂicts
might arise and distort corporate cash policy.
In this regard, agency incentives through insider ownership is employed to minimise
agency problems. However, using insider ownership as a monitoring tool may lead to other
outcomes. First, the higher the level of insider ownership, the higher control the manager
has over the company (Ozkan & Ozkan, 2004). It might encourage the manager to di-
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vert resources for his/her own private beneﬁt. Second, although compensating manager
with ﬁrm's stakes might align shareholders and manager's interests, it also exposes the
manager to the idiosyncratic risk when the executive is less diversiﬁed than stockholders
(Holmström & Tirole, 1998). We then analyse in the third chapter whether the level of
managerial ownership aﬀects the relationship between cash and idiosyncratic risk.
As a risk management tool, cash might reduce cash ﬂow volatility and consequently
mitigate ﬁnancial risks that could aﬀect ﬁrm's future proﬁts (Acharya et al., 2007).
Nonetheless, holding cash is not costless, at least, due to the presence of transaction
costs, such as taxes and ﬂotation fees, imputing a value of reserving cash (Faulkender
& Wang, 2006). Moreover, if cash is used to protect against future shortfall, it is ex-
pected ﬁrms might bypass interesting investment opportunities. In this regard, hedging
via derivatives alleviates the eﬀect of ﬁnancial constraints by enhancing the corporate
liquidity when ﬁrms need it the most. We therefore explore the relationship between cash
holdings and derivatives on expected and unexpected shocks in the fourth chapter.
Addressing these points represent an important contribution for corporate ﬁnance
literature. Then, the purpose of the three essays constituting this thesis attempts to
contribute in three important directions. The ﬁrst essay oﬀers a broad literature review
where it is possible to understand better the corporate motivations for holding cash as
well the links, core ideas, methods, and ﬁndings that have built the research pathway for
corporate cash holding strand. The second essay examines whether the agency incentive
through insider ownership inﬂuences changes on corporate cash holdings when idiosyn-
cratic risk is considered. The third essay analyses the eﬀect of expected and unexpected
exogenous shocks on corporate cash holdings and ﬁnancial hedging policies.
This thesis is organized as follows. Chapter 2 describes a broad literature review
involving cash holdings in diﬀerent perspectives. Chapter 3 analyses the inﬂuence of
insider ownership level on the relationship between idiosyncratic risk and cash holdings.
Finally, Chapter 4 presents how ﬁrms manage their cash and hedging policies followed by
expected and unexpected shocks.
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2 Why once bitten, twice shy? Past, present and future on
corporate cash holding research
Record levels of cash holdings have been maintained by U.S. corporations in recent
years (Almeida et al., 2014; Harford et al., 2014; Bates et al., 2009). Once bitten, twice
shy? Almeida et al. (2014) show that cash holdings among non-ﬁnancial S&P500 ﬁrms
increased from $200 billion in 1996 to $1,334 billion in 2012. Holding of cash is not just
a feature for U.S. ﬁrms. Y. Chen et al. (2015) ﬁnd that the median cash to total asset
ratios varied over the period 19892009 from 2.3% for New Zealand to 3.6% for Russia,
5.2% for Australia, 8% for Finland, 10.1% for Sweden, 13.7% for Singapore, and 16.6% for
Hong Kong. Focusing on two diﬀerent times in a 20-year window for Compustat Global
































































































































































































Figure 2.1: Cash ratio average (%) across the world in 1994 and 2013.
Several possible explanations for this upward trend in cash holdings have been ex-
plored in recent years. The relevance of cash holdings goes back at least as far as Keynes
(1936), who ascribes corporate cash holdings for operational transactions and precaution-
ary savings to future uncertainty. Supporting this view, Almeida et al. (2004) shed light
on the role of the ﬁrm sensitivity of cash holdings to cash ﬂows when a ﬁrm faces ﬁnan-
cial constraints. If a ﬁrm is ﬁnancially constrained it may have to incorporate savings
from incremental cash ﬂows to protect its future. As a result, this ﬁrm might hold a
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considerable portion of cash as a hedging tool during downturns. Likewise, cash holdings
enable ﬁrms to attempt to take advantage of investment opportunities and/or reduce the
cost of accessing external ﬁnancing. Hence, the importance of cash for a ﬁrm depends on
whether it will face a liquidity shortfall and have to use the cash to ﬁnance investments
(Almeida et al., 2014; Acharya et al., 2007).
Determinants of cash holdings have been intensely debated in the ﬁnance literature
in an eﬀort to comprehend and forecast corporate cash-hoarding behaviour. Viewing
cash holding from the perspective of its determinants might reveal why ﬁrms have held
cash over time. Research topics have included ﬁrm-level factors such as size (Bigelli &
Sánchez-Vidal, 2012; Colquitt et al., 1999), managerial compensation (Al-Najjar, 2015;
Core et al., 2006), and leverage (Anderson & Carverhill, 2012; Ferreira & Vilela, 2004);
the inﬂuence of sectors (Bates et al., 2009; Lamont, 1997), institutions, and structures
such as banks (Francis et al., 2014; Kahle & Stulz, 2013), governance levels (Schauten et
al., 2013; Kusnadi, 2011; Dittmar & Mahrt-Smith, 2007), unions (Klasa et al., 2009), and
governments (D. Chen et al., 2014; Feng & Johansson, 2014); exogenous shocks (Davydova
& Sokolov, 2014; Campello et al., 2011, 2010) and taxes (Fritz Foley et al., 2007); and
national cultures around the world (Y. Chen et al., 2015; Ramírez & Tadesse, 2009).
Cash holdings have also been analysed as an antecedent factor that inﬂuences other
corporate ﬁnancial issues such as investment levels (Bao et al., 2012; Song & Lee, 2012;
Özgür Arslan et al., 2006), acquisitions (Pinkowitz et al., 2013; Almeida, Campello, &
Hackbarth, 2011; Harford, 1999), share repurchases (Rapp et al., 2014; Haw et al., 2011;
E. Lee & Powell, 2011), payouts (Opler et al., 1999), R&D (J. R. Brown & Petersen,
2011; Dittmar et al., 2003), stocks and their expected returns (Fresard, 2011; N. Gao,
2011; A. G. Huang, 2009), and risk (Acharya et al., 2014; Palazzo, 2012). This wide
research scope in terms of subjects, levels, and time has been grounded under classical
and contemporaneous theoretical frameworks.
Given the relevance of the topic, we analyse nearly 190 papers related to cash hold-
ings published from 1997 to 2015. Especially since the 2008 ﬁnancial crisis, research on
cash holdings signiﬁcantly increased by more than 50% when compared to the period
from 1997 to 2007, as shown in Figure 2.2. This evidence indicates considerable concern
regarding cash holdings since 2008 among not only companies, industry and government
levels but also academic ﬁnancial researchers around the world.
Although research has pointed out the importance of cash among sources of corpo-
rate liquidity, the question of why and how ﬁrms have held cash remains to be answered
(Almeida et al., 2014). Similarly, there is no consensus on the optimal level of corporate
cash holdings (Riddick & Whited, 2009; Almeida et al., 2004), and their determinants
and consequences remain ambiguous, particularly across countries (Y. Huang et al., 2013;
Drobetz et al., 2010; Pinkowitz et al., 2006; Dittmar et al., 2003). Thus, understand-
ing and mapping the debate on corporate cash holdings may support present and future
research, and provide a better insight into the direction for such research and potential
gaps. We therefore focus on three main questions:
1. What, where, when, and how have cash holdings been explored in the literature?
2. What contributions does the literature provide to the development of the ﬁnance
ﬁeld?























































Figure 2.2: Papers published by year.
To address these questions, we present a systematic literature review in which we
analyse the content of articles related to cash holdings in the ﬁnance ﬁeld. To this end,
we have ﬁve speciﬁc objectives:
• Pinpointing the most relevant articles on cash holdings;
• Categorising the features of these articles;
• Providing a brief summary of the goal, contributions, and limitations of each article;
• Delineating evolution, links, and divergences among studies reported in the litera-
ture; and
• Designing an agenda and a framework for identifying major gaps in the current
literature on cash holdings.
The remainder of the paper is organised as follows. Section 2.1 describes the re-
search design. Section 2.2 provides a theoretical background on corporate cash holdings.
Section 2.3 delineates the evolution of the literature on cash holdings, including the papers
cited most often, scholar networks, and the research methods used. Section 2.4 identiﬁes
research gaps and suggests avenues for future research in the ﬁeld. Section 2.5 presents
concluding remarks.
2.1 Research design
Following Seuring (2013) and Furrer, Thomas, and Goussevskaia (2008), we use a
content analysis approach from the ﬁeld of exploratory network analysis (Nooy et al.,
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2005) to reveal links, attributes, and core debates on cash holdings in the literature. This
allows us to track the evolution of the research and to identify challenges and insights for
future research in the ﬁeld. Unlike the studies by Seuring (2013) and Furrer et al. (2008),
we do not focus only on quantitative modelling or papers published in leading journals.
We extend the scope of our investigation to most of the theoretical and empirical articles
that have been published on cash holdings over time. We also ﬁll a gap left by Almeida
et al. (2014) by considering the liquidity literature on estimates of the value of cash and
dynamics models of cash. Moreover, to the best of our knowledge this is the ﬁrst survey
on cash holdings.
We ﬁrst identify all available papers on cash holdings using the keywords cash,
cash ratio, cash holdings, corporate cash reserves, cash management, liquid assets, and
corporate liquidity in diﬀerent academic journal databases, including Scopus, Wiley, Web
of Science (WOS), Academic Search Complete PLUS (Ebsco), JSTOR, Taylor & Francis,
Emerald and Springer. This search reveals that 186 relevant papers were published in
the period from 1997 to January 2015. From these, 105 papers published in journals
with an impact factor of 1 or greater are selected to assess the evolution of and linkages
among research topics related to corporate cash holdings. Then these papers are coded
and analysed according to the ten categories shown in Table 2.1.
The main focus for each paper was identiﬁed from the keywords and aim. For the
method category, conceptual/theoretical papers are those involving a literature review
or design concepts associated with cash holdings, while survey papers are studies use
survey instruments to gather primary data. The remainder of the classiﬁcations are self-
explanatory.
In the statistical tool/data analysis category, standard econometric papers are con-
sidered to be those that use a univariate approach to explore only one dependent vari-
able of interest. By contrast, multivariate analysis involves multiple dependent variables
(Johnson & Wichern, 2007).
We then identify whether the variable related to cash holdings in the empirical model
is a dependent variable, an independent variable, or used to construct other variables.
We verify if the source of the variables used in the analysis is the balance sheet, market
price data, macroeconomic data, exogenous sources, primary data, or other sources. The
classiﬁcation of exogenous variables follows that of the authors for studies that distinguish
this type of variable.
Since cash holdings may vary across countries, sectors, ﬁrms, and time, we identify
the analysis level, study context, and time period for all papers. Finally, we classify the
theoretical perspective used by the authors and their ﬁndings. If the content of a paper
does not fall within the previous subcategories, it is classiﬁed as other. If a paper is
exclusively theoretical or does not match any previous criterion, it is classiﬁed as not
applicable.
Table A.1 lists the data classiﬁcation and categorisation for each paper. Then de-
scriptive statistics for each category are estimated and evaluated concurrently with the
paper content. Our analysis using Acharya et al. (2007)'s paper as an example (Table
A.1).
In Table A.1, the main focus of Acharya et al. (2007) is classiﬁed as subcategory
E (economic and ﬁnancial constraints, market imperfections, exogenous shocks and risk);
the method as quantitative (subcategory B); and the statistical tool/data analysis as
mathematical modelling (subcategory A), a standard econometric model (subcategory B),
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Table 2.1: Main categories of survey analysis.
Classiﬁcation Meaning Cryptography
1 Main focus.
A - Corporate decisions, policies and strategies.
B - Agency problems, ownership, governance, organizational
forms, and compensation design.
C - Culture, politic, government, unions, product market
competition and relationships.
D - Credit supply, internal and external capital market,
ﬁnancial markets.
E - Economic and ﬁnancial frictions, market imperfections,
exogenous shocks and risk.
2 Method.
A - Conceptual/Theoretical.
B - Quantitative (empirical and mathematical model).
C - Qualitative.
D - Quantitative/qualitative or qualitative/quantitative.
E - Cases.
F - Survey.
3 Statistical tool/data analysis.
A - Mathematical modeling.
B - Standard econometric.
C - Computational method.
D - Multivariate analysis.
E - Not applicable.
4 Position in analytical model.
A - Dependent variable.
B - Independent variable.
C - Used to construct other variable.
D - Not applicable.
5 Variable source.
A - Balance sheet variables.
B - Market price data.
C - Macroeconomic variables.
D - Exogenous variables.
E - Primary data.
F - Others.
G - Not applicable.
6 Level analysis.
A - Country.










E - Latin America.
F - Africa.
G - Not applicable.
8 Analysis period.
A - More than 10 years.
B - Between 5 and 10 years.
C - Between 3 and 5 years.
D - Less than 3 years.
E - Not applicable.
9 Theoretical perspective.
A - Trade-oﬀ theory.
B - Pecking order theory.
C - Agency-based theories.
D - Others perspectives - contemporary trends.
E - Not applicable.
10 Findings.
A - New perspectives.
B- Consistent with previous literature.
C- Previous model with diﬀerent dataset/time period.
D - Comparative study.
E - Others.
F - Not applicable.
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and multivariate analysis (subcategory D). In this example, cash holdings are used to build
other dependent variables (subcategory C) and the variable sources are the balance sheet
(subcategory A) and market price data (subcategory B). Moreover, the study uses the ﬁrm
level (subcategory D) for analysis and the USA (subcategory B) as its study context for
a temporal window of more than 10 years (subcategory A). Theoretically, it is supported
by trade-oﬀ (subcategory A) and other contemporary perspectives (subcategory D), and
presents new ﬁndings (subcategory A) and reinforces previous studies (subcategory B) in
cash holdings research.
After coding all the articles according to this example, we develop a summary that
includes goals, primary conclusions, contributions, and limitations for each paper, as
presented in Table B.1. The articles are arranged in alphabetic order according to the
surname of the ﬁrst author. It is important to highlight that all paper limitations have
been pointed out by the authors themselves.
By combining these information , we develop the contents of Sections 2.2, 2.3 and 2.4.
In Section 2.2, we describe the major theoretical frameworks and empirical trajectories
used for cash holdings. Studies pertaining to the same perspective are grouped into
a theory to provide an overall idea of cash holdings according to that viewpoint. For
each theoretical perspective, descriptive results summarise the main characteristics and
contributions, and the papers on cash holdings cited most often.
In Section 2.3, we trace the evolution of the literature on cash holdings in the
105 papers analysed. To do so, we build a chronological research pathway for the most
inﬂuential papers and describe the contribution, core study, authors, journal, knowledge
centre or university, and the absolute/relative number of citations since publication for
each paper. Finally, Section 2.4 considers the gaps highlighted by the authors in the
papers, and these gaps are checked against the main focus and theoretical perspective
categories.
2.2 Background: from classic to contemporary literature on cash holdings
Several theoretical frameworks underpin the literature on corporate cash holdings.
Agency theory, trade-oﬀ theory, and pecking-order theory have complemented diﬀerent
views on corporate cash-holding behaviour. Although a considerable stream of research
has used these theories to support its hypothesis, new theoretical and empirical models
have been presented in recent years. This section describes the main theoretical and em-
pirical contributions in the literature on cash holdings, ranging from classical frameworks
to contemporary studies.
2.2.1 Agency-based theories
Focusing on principalagent relationships, the central idea in agency theory is to
analyse contract relations that reﬂect eﬃcient information and risk-shifting costs. As
trade-oﬀs arise from the separation of ownership and control, agency conﬂicts might occur
when principals represented by agents diﬀer in their interests and risk preferences, leading
to problems such as moral hazards and adverse selection. These conﬂicts therefore require
costly monitoring and incentives to control agent behaviour (Jensen & Meckling, 1976).
Presuming that monitoring mechanisms are imperfect and individuals have self-
interest, the agency perspective suggests that managers are likely to appropriate ﬁrm
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resources and extract rents by engaging in value-decreasing investments to satisfy their
own preferences and gain discretionary power (Bao et al., 2012; Myers & Rajan, 1998;
Jensen, 1986). In this sense, liquid assets such as cash can be turned into private beneﬁts
at a lower cost than for other assets, and thus represent a source for enhancing control
by managers within ﬁrms (Baldenius, 2006; Myers & Rajan, 1998).
Agency theory as applied to cash holdings in the literature has mostly focused
on agency conﬂicts that arise from ownership, corporate governance, and compensation
design (73%). Indeed, agency problems are considered an important determinant of the
value and level of corporate cash holdings (Dittmar et al., 2003).
Focusing on the importance of ownership features to corporate cash holdings by UK
ﬁrms from 1984 to 1999, Ozkan and Ozkan (2004) supply evidence of the existence of a
non-monotonic relationship between managerial ownership and cash holdings. According
to the authors, corporate cash holdings ﬁrst decrease as managerial ownership increases
up to 24%, increase as managerial ownership increases to 64%, and then decrease again
as managerial ownership increases further. Ozkan and Ozkan (2004) suggest that at lower
levels of managerial ownership (by 24%) the interests of managers and shareholders are
equalised, move from alignment to entrenchment (2464%), and adjust again as manage-
rial ownership further increases (>64%).
Colquitt et al. (1999) ﬁnd that agency conﬂicts have an ambiguous eﬀect on cash
holdings by managers. If managers are risk-averse, exceeding the optimal level of cash
would be appropriate to take advantage of investment opportunities. If managers have
self-interest, holding excess cash provides them with discretionary power to target their
own objectives at the expense of shareholders.
Yung and Nafar (2014), Ferreira and Vilela (2004) and Dittmar et al. (2003) provide
empirical evidence that higher investor protection, better law enforcement, and more
concentrated ownership are negatively related to the level of cash held by ﬁrms around
the world. Results presented by Jain, Li, and Shao (2013) suggest that stronger internal
corporate governance mechanisms, such as founder CEO governance, separation of CEO
and Chairman positions, board domination by external directors, and greater institutional
ownership, are positively associated with higher post-IPO cash holdings, especially in
competitive product markets.
Pinkowitz et al. (2006) ﬁnd that the value of cash holdings for minority shareholders
in countries with higher investor protection is more worthwhile than for similar groups
in countries with weaker governance. However, Pinkowitz et al. (2006) detect a weak
relationship between cash holdings and ﬁrm value in countries that suﬀer from lower
compared to stronger investor protection.
Analysing cash-holding behaviour in developing countries, Al-Najjar (2013) ﬁnds
that distinct institutional frameworks that may diﬀer in their inﬂuence on cash-holding
behaviour. In this context, ﬁrms in weaker capital markets with lower investor protection
systems have higher cash holdings.
Using a sample of public and private US ﬁrms over the period 19952011, H. Gao,
Harford, and Li (2013) show that public ﬁrms hold more cash than private ﬁrms on
average, because of agency conﬂicts. The authors further ﬁnd that well-governed public
ﬁrms with excess cash are likely to have s lower leverage level for disgorging cash to pay
external debt. By contrast, poorly governed public ﬁrms with higher cash holdings spend
their excess cash in investing in and acquiring diﬀerent assets.
Using ﬁnancial ﬁrm data from 39 countries over the period 19952004, Kusnadi
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(2011) show that ﬁrms in countries with weaker legal investor protection reserve more cash
than their peers. However, the authors do not ﬁnd evidence that greater development of
the ﬁnancial system inﬂuences cash-holding behaviour by ﬁrms after controlling for legal
investor protection. These results imply that the investor environment has a ﬁrst-order
eﬀect in inﬂuencing international corporate policies on cash management.
Haw et al. (2011) demonstrate that a higher marginal value of cash is positively
related to investor protection. Using annual ﬁrm observations from 33 countries over the
period 19982004, the authors show that the marginal value of cash is lower in countries
with weaker investor protection because ﬁrms distribute their excess cash via repurchases
rather than dividends.
According to Y. Huang et al. (2013), stronger investor protection associated with
straightforward accounting standards is positively correlated with corporate cash holdings.
Nikolov and Whited (2014) show that ﬁrms with higher blockholder and institutional
ownership ratios are likely to have a greater loss of shareholder value, higher cash holdings,
and higher managerial perquisite consumption.
Kuan, Li, and Liu (2012) present that fewer excess control rights aﬀect cash holdings
negatively in cash-richer ﬁrms. Additionally, the authors ﬁnd that family member serving
as the CEO in low cash holding ﬁrms tend to hold more cash than an outsider CEO.
In Kuan, Li, and Chu (2011), shareholders of family-controlled ﬁrms with higher board
independence are likely to hold more cash for their operating strategy when compared
to their non-family-controlled counterparts. Conversely, family-controlled ﬁrms with a
higher pledge ratio tend to hold less cash because of greater agency conﬂicts arising from
a higher director-ownership-in-pledge ratio.
In an analysis of small and medium-sized ﬁrms, Al-Najjar (2015) ﬁnds that gover-
nance mechanisms and insider ownership do not aﬀect corporate cash-holding decisions.
Rather, these factors are weakly related to cash holdings, while size and leverage are
negatively associated with cash retention by small and medium-sized ﬁrms. However,
Al-Najjar (2015) shows that CEO compensation has a signiﬁcant positive eﬀect on cash
holdings.
Schauten et al. (2013) report that European ﬁrms with greater takeover defences are
likely to hold a higher level of cash reserves, whereas other governance instruments, such
as shareholder rights, disclosure, and board functioning, do not have a signiﬁcant eﬀect on
the value of cash. Furthermore, Yun (2009) suggests that state-level changes in takeover
protection lead poorly governed ﬁrms to switch from credit lines to cash holdings.
In the unique setting of a municipal context, Gore (2009) addresses the agency, pre-
cautionary, and transaction incentives that managers have for holding cash in US local
government departments. Using data from the 19972003 Annual Survey of Governments
by the Census Bureau, Gore (2009) demonstrates that larger governments with relatively
lower variation in revenues, greater sources of revenues, and lower growth have less propen-
sity to accumulate cash. By contrast, smaller governments with lower revenues and higher
variation in revenues tend to accumulate cash for precautionary and operational reasons.
Furthermore, the author provides evidence that agency conﬂicts between managers and
citizens might arise in governments with excess cash since they have higher spending
on administrative overheads, manager salaries, and compensation, and lower return to
citizens in the form of tax reductions.
Under the agency view, compensation mechanisms can limit agency conﬂicts using
outcome-based incentives or behaviour-based arrangements via reliable information sys-
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tems. Jensen and Meckling (1976) ﬁnd that limiting such potential problems might aﬀect
the cost and stockpiles of corporate cash holdings. The following ﬁndings shed light on
the way that compensation incentives should be designed to minimise agency conﬂicts
arising from policy decisions on corporate cash levels.
Core et al. (2006) explore the determinants and consequences of excess cash holdings
(endowments) by not-for-proﬁt organisations from 1992 to 2001. Supported by agency
arguments, the authors ﬁnd that not-for-proﬁt ﬁrms maintain higher endowments associ-
ated with higher managerial compensation over time. Conﬁrming the agency hypothesis,
the authors show that these organisations do not have higher growth in program expenses
or investments to justify their persistent excess cash holdings.
According to Tong (2010), managers who are risk-averse tend to hold more cash as
a strategy to reduce ﬁrm risk. Using a measure of CEO risk incentives based on executive
stock options for a sample of US ﬁrms from 1993 to 2000, the author ﬁnds that ﬁrms with
higher CEO risk incentives have a lower level but higher value of cash holdings.
Y. Liu (2011) show that greater equity incentives, as measured by the sensitivity of
equity compensation to stock price volatility, are associated with higher corporate cash
holdings. By matching compensation and ﬁnancial data from ExecuComp and Compustat
over the period 19922006, the authors ﬁnd that CEO compensation has a negative eﬀect
on the value of cash, while compensation incentives positively inﬂuence cash holdings by
ﬁrms facing ﬁnancial constraints.
Y. Liu, Mauer, and Zhang (2014) show that the impact of CEO debt compensation
on cash holdings diﬀers from the inﬂuence of CEO equity incentives on cash reserves.
Using ExecuComp and Compustat data from 2006 to 2011, the authors ﬁnd that CEO
wealth, represented by inside debt, is positively related to cash holdings, and that an in-
crease of one standard deviation in internal debt increases cash reserves by 3.76.2%. This
suggests that inside debt promotes greater risk aversion, leading to higher cash holdings
by ﬁrms as a signal of alignment between the interests of managers and bondholders.
Using the agency hypothesis and precautionary motives, Arnold (2014) explores the
impact of managerial cash holdings on corporate ﬁnancial policies and default risk. Under
this arrangement, managers might target excess cash for self-preservation, particularly
during recession periods. As managers receive compensation packages composed of a
ﬁxed wage and a variable payment (e.g. proﬁt share, straight equity, or options), they
might incorporate the impact of cash holdings on the default risk and the value of their
ﬁxed salary when deciding the ﬁrm's cash policy. By doing so, managers tend to hoard
more cash to reduce the default risk and preserve their ﬁxed income over an extended
period of time. Hence, managers with higher risk-taking incentives target a higher level
of excess cash, leading to lower cash valuations for shareholders (Arnold, 2014).
Tong (2011) reveals that ﬁrm diversiﬁcation has a negative impact on the value of
cash holdings and a positive relation with the cash reserve level. Using segment-level and
ﬁrm-level data from 1998 to 2005 with credit rating as a proxy for ﬁnancial constraints, the
author ﬁnds signiﬁcant diﬀerences in the value of cash holdings among ﬁrms. The marginal
value of cash holdings is U$ 0.92 for diversiﬁed ﬁrms, U$ 1.08 for single-segment ﬁrms, U$
0.83 for unconstrained diversiﬁed ﬁrms, U$ 0.93 for constrained diversiﬁed ﬁrms, and U$
0.49 for lower-governance diversiﬁed ﬁrms. By showing that diversiﬁed ﬁrms have a lower
level of corporate governance, higher cash holdings, and a lower marginal value of cash,
Tong (2011) provides evidence consistent with the agency perspective that shareholders
place a lower value on cash holdings particularly because of the potential ineﬃciency of
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spending cash.
In a related vein, Subramaniam, Tang, Yue, and Zhou (2011) observe that non-
governance factors such as ﬁrm organisational structure, agency conﬂicts, and investment
opportunities may aﬀect corporate cash management and investment decisions by ﬁrms.
Using Compustat data for US ﬁrms during 19882006, the authors ﬁnd that diversiﬁed
ﬁrm have held less cash than focused ﬁrms over time, after controlling for industry at the
segment level. These ﬁndings indicate that diversiﬁed ﬁrms might have better access to
internal capital markets, lower costs for conversion of assets into cash, better investment
opportunities, and higher agency costs than non-core segments and focused ﬁrms.
According to Louis et al. (2012), accounting conservatism might recognise previously
ineﬃcient investment decisions highlighted by ﬁnancial reporting. The authors show that
ﬁrms that adopt conservative accounting policies prevent managers from spending cash
on value-decreasing projects to avoid decreases in ﬁrm value and to reduce agency costs.
By contrast, Mikkelson and Partch (2003) show that persistent large cash holdings do
not lead to poor operating performance and agency conﬂicts in cash-rich ﬁrms compared
to their cash-poor counterparts. Using a sample of 89 publicly traded US ﬁrms that held
more than 25% in cash holdings over the period 19861991, Mikkelson and Partch (2003)
show that ﬁrms with a higher cash holding ratio have greater operating performance,
higher R&D spending, a higher market-to-book ratio, greater asset growth, and a lower
leverage level than their peers matched by size and industry segment. These ﬁndings
imply that a higher cash balance is the best cash level for these ﬁrms to support their
corporate policies without devaluing ﬁrm performance.
The agency hypothesis has also been used to investigate the link between cash hold-
ings and stock returns. Although cash stockpiles reﬂect high previous returns, excess of
cash holdings do not ensure higher expected returns if they are not eﬃciently used. Under
the agency perspective, if managers engage in wasteful capital spending, acquisitions, or
excessive prerequisite consumption, this might be reﬂected in lower shareholder returns
via stock prices (Mikkelson & Partch, 2003).
As N. Gao (2011) points out, excess cash holdings leads to an adverse selection
eﬀect on stock prices in signalling an overvaluation for issuance ﬁnancing. Similarly,
Fresard (2011) suggests that corporate cash holdings are more sensitive to stock prices
as the ﬁrm-speciﬁc return variation increases. According to Fresard (2011), this ﬁrm-
speciﬁc return variation is not explained by market and industry movements and provides
new information to investors that is not available to managers. Thus, it may positively
inﬂuence cash-saving decisions via stock market learning.
Developing a stylised continuous-time model in which ﬁrms address internal agency
costs and external ﬁnancing costs simultaneously, Décamps, Mariotti, Rochet, and Vil-
leneuve (2011) show that the marginal value of cash and the stock price are negatively
correlated, while the marginal value of cash and the volatility of the stock price are posi-
tively related.
According to A. G. Huang (2009), expected returns are driven by investments in
cash and physical capital. Speciﬁcally, the author shows that cash holdings increase
future returns on physical capital and ﬁrm stocks. Showing that cash holdings and equity
returns are positively associated, Palazzo (2012) also ﬁnds that a 0.10 increase in expected
equity returns is associated on average with a 0.01 change in the cash-to-asset ratio.
Agency problems also impact on the interaction between cash holdings and acqui-
sitions. A study by Harford (1999), which focuses on the impact of cash holdings on
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acquisitions made by companies, indicates that cash-richer and larger ﬁrms tend to over-
pay for unattractive targets with high costs and low transactions beneﬁts. As a result,
their post-acquisition operating performance is worse than for other acquirers, suggesting
that agency costs matter when managers decide to use cash holdings to boost ﬁrm size.
In the presence of agency conﬂicts, cash holdings cannot be collateralised given the
transformation risk associated with agent misbehaviour. Consequently, ﬁrms with higher
cash holdings have a lower ability to access external ﬁnancing (Myers & Rajan, 1998).
Holmström and Tirole (1998) propose a moral hazard model to analyses the liquidity
needs of a ﬁrm across periods. In the presence of a moral hazard, constrained ﬁrms cannot
pledge eventual returns to outside investors. Rather, by choosing their investments, ﬁrms
have to decide their liquidity needs before these materialise. If a constrained ﬁrm chooses
its liquidity demand ex ante, it can borrow more than the investment amount and hold the
excess in cash. However, holding excess cash under these conditions might be considered
ineﬃcient. Nevertheless, postponing corporate liquidity needs is not possible, as the
market might be unable to provide an ex ante commitment to provide contingent ﬁnancing
at a later date. If liquidity needs are independent across ﬁrms, an intermediary not subject
to uncertainty or moral hazard (e.g. a bank) can provide ﬁrms with credit lines to funding
these liquidity needs when they are required (Holmström & Tirole, 1998).
The agency theory also emphasises payouts and repurchases as strategies for pre-
venting managers from wasting cash ﬂows and building ﬁrm size using cash holdings
(Jensen, 1986; B. S. Lee & Suh, 2011). As noted by Kalcheva and Lins (2007), control-
ling managers tend to hold more cash and pay higher payouts in situations with weaker
country-level external shareholder protection. As a consequence, higher cash reserves and
weak investor protection also lead to lower levels of ﬁrm value. B. S. Lee and Suh (2011)
use share repurchases as a ﬂexible instrument for distributing excess cash and mitigating
agency conﬂicts within ﬁrms.
The agency view of market competition and cash holdings suggests that higher
rivalry enforces discipline on opportunistic managers, mitigating potential waste in the
use of cash reserves (Alimov, 2014). Nonetheless, a stronger brand perception assured by
consumer loyalty may reduce the discipline of the competition eﬀect on managerial waste,
and lead ﬁrms to hold more cash and less debt, intensifying agency conﬂicts (Larkin,
2013).
Consistent with the perspective that considers market competition as an important
managerial disciplinary mechanism, Larkin (2013) shows that ﬁrms with a stronger brand
perception have better corporate governance, despite hoarding less cash and using more
debt. The author does not ﬁnd any inﬂuence of the entrenchment index on the results,
suggesting that managers may restrict the overuse of cash, taking a higher debt level
and reducing cash holdings, as a strategy to boost their reputation among shareholders.
Hoberg, Phillips, and Prabhala (2014) notes that competitive threats from product mar-
kets should act as a disciplinary factor in ensuring that ﬁrms conform to behaviour that
protects shareholder welfare. Hence, payouts and other mechanisms are less necessary to
monitor manager behaviour.
By contrast, Alimov (2014) does not identify a signiﬁcant agency eﬀect between
cash holdings and managerial discipline under intense market competition. Using the
CanadaUnited States Free Trade Agreement, the author ﬁnds that ﬁrms that experience
substantial shocks in their competitive environment hold higher value of cash because of
the predatory threats of their rivals.
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Agency theory has been used as a theoretical basis for 37% of the cash-holding
studies selected. Among these papers, 93% are empirical in context, involving various
types of cooperative eﬀort, management level, governance structure, and context (ﬁrms,
sectors, and countries). Furthermore, 98% of the articles are quantitative, 59% explore
a period of more than ten years, 66% analyse ﬁrms, 20% explore ﬁrms within countries,
53% are consider an American context, 47% use non-American settings (13% in Europe,
13% in Asia, and 21% across the world), and 71% were published after 2008.
Table 2.2 shows the ten papers based on agency theory that are cited most often.
Indeed, these papers are classic references for cash-holding research, even for cases in
which the study focus is another theoretical setting. Each of these papers has at least
one of the following characteristics: an innovative proposal and/or new research method;
a fundamental discovery; new ﬁndings; and published 11 years ago, on average. The two
papers cited most often, Harford (1999) and Holmström and Tirole (1998) are references
for cash-holding and liquidity research, as well as for acquisition and other ﬁnance studies.







1 Harford (1999). 292 205 1229
2 Holmström and Tirole (1998). 245 229 1188
3 Dittmar and Mahrt-Smith (2007). 238 190 930
4 Harford, Mansi, and Maxwell (2008). 171 125 793
5 Dittmar et al. (2003). 164 132 796
6 Pinkowitz et al. (2006). 156 119 514
7 Ozkan and Ozkan (2004). 100 73 491
8 Kalcheva and Lins (2007). 87 63 384
9 Mikkelson and Partch (2003). 76 61 386
10 Ferreira and Vilela (2004). 44 44 290
Note: In absolute terms and considering 02/16/2015.
2.2.2 Trade-oﬀ theory
The trade-oﬀ perspective on cash holdings considers the optimal cash level for ﬁrms
by assessing the marginal beneﬁts and costs of holding cash in the presence of ﬁnancial
market constraints (C. S. Kim et al., 1998). Thus, determining the optimal amount of
cash depends on the trade-oﬀ between the opportunity cost produced by the low return
for holding cash and the beneﬁt of minimising the need to access costly external ﬁnancing
when internal funds are insuﬃcient to ﬁnance future investment opportunities (C. S. Kim
et al., 1998).
In this sense, ﬁrms might reserve cash for transaction, precautionary, and/or specu-
lative motives (Keynes, 1936). A transaction motive could be business operational needs,
a precautionary motive may be unexpected contingencies arising from uncertainty faced
by ﬁrms, and a speculative motive might be proﬁtable future investment opportunities
(Bates et al., 2009; Dittmar et al., 2003).
On one hand, corporate cash holdings beneﬁt ﬁrms by reducing their dependence on
costly external ﬁnancing and supporting current investment opportunities (C. S. Kim et
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al., 1998). On the other hand, holding cash and cash equivalents might directly generate
two costs, the carrying cost associated with the lower return earned on cash relative to
other investments with the same risk level, and the transaction cost related to fees charged
on external ﬁnancing (Dittmar et al., 2003).
While the carrying cost negatively impacts investment opportunities, transactions
costs inﬂuence ﬁrms to hold more cash, particularly because of inability to access external
funding and the marginal cost of cash shortfalls (Miller & Orr, 1966; Faulkender & Wang,
2006; Bates et al., 2009).
Opler et al. (1999) ﬁnd that higher cash-holding levels increase the marginal tax
rate of ﬁrms. Indeed, cash holdings can be a source of double taxation of gains because
of taxation at the corporate level and again when generating income for shareholders.
Optimal models, precautionary savings, and a speculative motive have been widely
applied to support theoretical insights into and empirical ﬁndings on cash holdings.
C. S. Kim et al. (1998) develop a model of optimal cash holding based on a costbeneﬁt-
trade-oﬀ between the cost of carrying cash and the beneﬁt of taking future investment
opportunities via internal funds. Speciﬁcally, the authors predict that the optimal invest-
ment in cash reserves is positively related to the cost of external ﬁnancing, the uncertainty
of expected cash ﬂows, and the return on investment opportunities, and negatively asso-
ciated with size, investment in physical assets, and ﬁnancial distress. Using panel data
for 915 industrial ﬁrms over the period 19751994, C. S. Kim et al. (1998) ﬁnd that
smaller ﬁrms, higher market-to-book ratios, higher cash ﬂow volatility, and higher future
investment opportunities lead to higher cash-holding levels.
Almeida et al. (2004) theoretically consider corporate demand for liquidity under
imperfect capital markets. According to their model, ﬁrms are likely to choose the op-
timal cash level in line with the sensitivity of their cash holdings to cash ﬂow. As a
result, ﬁnancially constrained ﬁrms tend to balance their proﬁtability for current and
future investments by saving cash from their cash inﬂow as a way to ﬁnance expected
value-increasing projects. Nevertheless, it is expected that unconstrained ﬁrms have no
systematic patterns regarding their cash polices.
Using a sample of American manufacturing ﬁrms between 1971 and 2000, Almeida et
al. (2004) ﬁnd that ﬁrms facing ﬁnancial constraints, as measured by ﬁve diﬀerent proxies,
have a greater propensity to reserve cash from their cash ﬂows, whereas unconstrained
ﬁrms do not show any change in their cash policy behaviour.
Riddick and Whited (2009) propose a dynamic trade-oﬀ model in which the optimal
cash policy relies on the cost of external ﬁnance and future ﬁnancing needs. In this
setting, ﬁrms hold a higher level of precautionary cash holdings when external ﬁnancing
is costly or income uncertainty is high. In contrast to the evidence of Almeida et al.
(2004), Riddick and Whited (2009) ﬁnd that corporate cash holdings and cash ﬂows are
negatively correlated after controlling for Tobin'sQ. As positive productivity shocks arise,
the negative sensitivity of cash holdings from cash ﬂows and marginal product of capital
both increase in absolute value in such ﬁrms. This model conﬁrms the importance of
income shocks and the cost of external ﬁnance in determining corporate cash behaviour.
Anderson and Carverhill (2012) show theoretically that ﬁrms have a negative marginal
propensity to save cash at higher proﬁtability, regardless of their investment projects. By
contrast, at lower proﬁtability the relationship between investment and cash holdings be-
comes highly path-dependent. In simulations of the model implications using empirical
benchmarks for US industrial ﬁrms, Anderson and Carverhill (2012) show that ﬁrms with
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a lower leverage level have higher cash holdings.
Han and Qiu (2007) present a two-period investment model based on the precaution-
ary motive for cash holdings. The authors propose an intertemporal trade-oﬀ between
current and future investments, with interactions among corporate cash holdings, cash
ﬂow uncertainty, and ﬁnancial constraints. In this theoretical framework, ﬁnancially con-
strained ﬁrms are sensitive to cash ﬂow volatility, while unconstrained ﬁrms do not exhibit
changes in cash holdings because their optimal future investment is independent of their
optimal current investment. Han and Qiu (2007) estimate that higher cash ﬂow volatility
among publicly traded US ﬁrms during 19972002 has a positive impact on cash holdings
and negative impact on current investments for ﬁnancially constrained ﬁrms.
Using a dynamic framework comprising the costs of external ﬁnancing, corporate
and personal tax rates, and the liquidation value of capital, Gamba and Triantis (2008)
examine the eﬀects of ﬁnancial ﬂexibility on corporate policies regarding investment, ﬁ-
nancing, and cash retention. In a simulation considering several transaction and tax costs,
the authors ﬁnd that the marginal value of cash holdings is negatively related to liquidity,
and positively correlated to investment opportunities and ﬁnancial constraints.
Using a three-period model of a ﬁrm's corporate ﬁnance decisions, Palazzo (2012)
outlines how cash ﬂows and the systematic risk for cash holdings aﬀect the optimal corpo-
rate cash policy. Assuming that investors are not risk-neutral and considering a stochas-
tic discount factor, the author ﬁnds that the optimal cash-holding policy depends on the
trade-oﬀ between the dividend distribution decision in the present and the cash reserve to
prevent high costs of future external ﬁnancing. As a consequence, from a precautionary
savings view, riskier ﬁrms hold more cash as a buﬀer against expected cash ﬂow shortfalls.
Bao et al. (2012) demonstrate that ﬁnancially constrained ﬁrms facing proﬁt shocks
have lower capital expenditures and higher short-term debt, need to save money, and must
give up investing in new projects. The authors ﬁnd a non-linear relation between changes
in cash holdings and cash ﬂows, implying that ﬁrms might diﬀer in their levels of cash
holdings according to their cash ﬂow. Bao et al. (2012) show that ﬁrms with negative
cash ﬂows have lower cash holdings, while those with positive cash ﬂows maintain higher
cash reserves.
In an analysis of cash-holding behaviour by American property-liability insurers
from 1993 to 1995, Colquitt et al. (1999) ﬁnd that smaller insurers with restrained access
to external ﬁnancing, greater short-term demand for cash, riskier cash ﬂows, and greater
future investment opportunities hold more cash to meet future needs in comparison to
larger insurers. Consistent with a precautionary motive, these results conﬁrm that ﬁrms
might choose their cash balances on the basis of future cash needs, especially under
unfavourable ﬁnancial conditions.
Using a data sample for publicly traded US ﬁrms from 1972 to 2001, Faulkender and
Wang (2006) show that the marginal value of cash has a signiﬁcant negative relationship
to cash levels and leverage, and is positively related to investment opportunity, ﬁnan-
cially constrained ﬁrms, and repurchase stock strategies. For a sample of non-ﬁnancial
publicly traded Turkish ﬁrms from 1998 to 2002, Özgür Arslan et al. (2006) ﬁnd that
smaller, ﬁnancially constrained and younger ﬁrms reduce their sensitivity to investment
expenditure by holding larger cash reserves.
Findings reported by Opler et al. (1999) and Ferreira and Vilela (2004) conﬁrm
that the number, size, and leverage of liquid asset substitutes negatively aﬀect the level
of cash holdings and investment opportunity, while cash ﬂow positively aﬀects cash re-
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serves for American and European ﬁrms. For a sample of Italian private ﬁrms, (Bigelli &
Sánchez-Vidal, 2012) ﬁnd that cash holdings are signiﬁcantly related to ﬁrms with smaller
size, higher risk, and lower eﬀective tax rates, conﬁrming predictions from trade-oﬀ the-
ory. However, when ﬁrms are analysed according to their diversiﬁcation level under the
precautionary savings view, diversiﬁed ﬁrms are characterised by both lower correlation
between investment opportunity and cash ﬂow, and higher correlation between investment
opportunities and cash ﬂow for lower cash holdings (Duchin, 2010).
In an analysis of ﬁrms that issue public bonds, Acharya, Davydenko, and Strebulaev
(2012) show that ﬁrms with higher ratings, a higher credit spread, and smaller size have
higher-than-average cash holdings and lower leverage levels for precautionary reasons.
This ﬁnding contradicts the notion that ﬁrms with larger liquid asset reserves are safer
than other ﬁrms. Bates et al. (2009) point out that stockpiling of cash by US ﬁrms might
be driven by precautionary savings, especially for industries with higher idiosyncratic risk
and ﬁrms that do not pay dividends.
Lins, Servaes, and Tufano (2010) report that the use of both credit lines and cash
holdings by ﬁrms have both precautionary savings and transaction motives. Using data
from a 2005 global survey of chief ﬁnancial oﬃcers (CFOs), the authors ﬁnd that credit
lines are used as a hedge against future ﬁnancial constraint, providing ﬁrms with fund
investment opportunities in potential future good times, while cash holdings are used
as insurance against operational and future cash ﬂow shortfalls in unfavourable ﬁnancial
conditions.
In a study of the eﬀect of credit supply on corporate cash policy after the 2009
subsidisation programme implemented by the Russian government, Davydova and Sokolov
(2014) ﬁnd that non-subsidised ﬁrms increased cash holdings by 6% relative to subsidised
ﬁrms. Although the Russian government subsidised larger ﬁrms from smaller cities with
lower employment opportunities, the authors report that the subsidy did not promote any
corporate investment or employment changes in these ﬁrms, but increased corporate cash
holdings for precautionary purposes, particularly for non-subsidised credit-constrained
ﬁrms.
Trade-oﬀ theory has also supported relationships among ﬁrm value, investment, and
cash holdings. Using a sample of US ﬁrms between 1985 and 2006, Denis and Sibilkov
(2010) analyse the eﬀect of ﬁnancial constraints on the interaction between cash holdings
and ﬁrm value. According to the authors, there is a stronger positive relationship between
cash holdings and ﬁrm value for ﬁnancially constrained ﬁrms than for their unconstrained
peers.
Denis and Sibilkov (2010) report empirically two interesting ﬁndings on cash holdings
for constrained ﬁrms. First, constrained ﬁrms hold more cash for precautionary savings.
Second, these constrained ﬁrms display hierarchical cash-holding behaviour. Thus, ﬁrms
with lower cash constraints that face high costs of external ﬁnancing hold less cash than
ﬁrms with higher cash constraints, particularly because the former produce lower cash
ﬂows than the latter. Denis and Sibilkov (2010) also show that constrained ﬁrms with
higher hedging needs hold higher cash reserves to take advantage of future investment
opportunities that they might otherwise not be able to do.
Focusing on time series diﬀerences, Song and Lee (2012) ﬁnd a signiﬁcant negative
link between corporate cash holdings and investment. Therefore, ﬁrms tend to reduce
their investment spending to increase their cash reserves. Song and Lee (2012) attribute
this behaviour to a more conservative investment and liquidity policy, especially for pre-
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cautionary motives, adopted by ﬁrms in Asia after the ﬁnancial crisis period.
Wu, Rui, and Wu (2012) study how ﬁnancial sector development aﬀects the interac-
tion between trade credit and cash holdings. Using a sample of Chinese listed ﬁrms from
1999 to 2009, the authors ﬁnd that ﬁrms have to hold an additional U$ 0.71 of cash for
every U$ 1 of credit payable and U$ 1 of credit receivable substitutes but only U$ 0.15
of cash. Firms in regions with higher levels of ﬁnancial sector development and higher
state ownership hold less cash to cover trade payables and have a higher substitute ratio
of receivables for cash.
These ﬁndings suggest that ﬁrms that use trade credit must hold some additional
cash for precautionary reasons to ensure timely payment of their obligations and avoid
costs such as penalties, interest, and a low credit rating related to late payment, even
within developed ﬁnancial systems.
J. R. Brown and Petersen (2011) investigate the eﬀect of cash holdings on intangible
investments such as R&D under the precautionary motive. The authors ﬁnd that younger
and smaller ﬁrms with higher R&D intensity and facing ﬁnancial constraints are likely to
hold more cash to smooth their R&D project spending during downturns in comparison
to larger and more mature ﬁrms.
Y. Chen et al. (2015) present a culture-based explanation from a precautionary
perspective for corporate cash reserves in international context over the period 1989
2009 period. The authors ﬁnd that national cultural features, such as individualism (e.g.
American context, measured by the Hofstede individualism index) and uncertainty avoid-
ance (measured by the Hofstede uncertainty avoidance index), inﬂuence the precautionary
motive for holding cash. Firms in cultures with a higher individualism index or lower un-
certainty avoidance index (interaction among cash ﬂow volatility, R&D, and the Hofstede
uncertainty avoidance index) are assumed to have lower business uncertainty and hold
less cash than ﬁrms in collectivist cultures with higher uncertainty avoidance (Y. Chen et
al., 2015).
The theoretical trade-oﬀ perspective supports 23% of the papers selected. Moreover,
95% of these papers are quantitative, 63% explore a period of more than ten years, 81%
analyse ﬁrms, 71% focus on an American context, and 67% were published after 2008.
Table 2.3 lists the ten papers based on trade-oﬀ theory that have been cited most
often. In general, these papers have common attributes that qualify them as standard
references on cash holdings: an innovative proposal and/or new research method; a fun-
damental discovery; new ﬁndings; and publication 9 years ago, on average. It is important
to highlight that some of these papers, such as Almeida et al. (2004), Gamba and Triantis
(2008), and Riddick and Whited (2009), have also inﬂuenced other areas besides cash
holdings, which partly explains the number of citations to date.
2.2.3 Pecking order theory
Pecking order theory posits the non-existence of an optimal cash level. As cash
holdings are considered outcomes of corporate investment and ﬁnancing decisions by ﬁrms,
they can be replaced by debt. This view explains why ﬁrms might prefer (i) internal funds,
independent of their cash level, taken from retained earnings; (ii) safe debt and risky debt
for external ﬁnancial resources, in that order; and ﬁnally (iii) debt with equity (Myers,
1984).
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1 Opler et al. (1999). 423 352 1940
2 Almeida et al. (2004). 333 284 1536
3 C. S. Kim et al. (1998). 193 134 783
4 Bates et al. (2009). 170 143 951
5 Faulkender and Wang (2006). 151 117 706
6 Gamba and Triantis (2008). 57 49 306
7 Riddick and Whited (2009). 51 43 259
8 Lins et al. (2010). 42 34 241
9 Han and Qiu (2007). 40 36 271
10 J. R. Brown and Petersen (2011). 27 26 147
Note: In absolute terms and considering 02/16/2015.
As Myers (1984) states, ﬁrms should ﬁrst consider internal funds when pursuing
valuable investment opportunities. In this setting, ﬁrms might use ﬁnancial slack such
as cash, liquid assets, or undrawn credit lines instead of issue equity. However, if a ﬁrm
faces a deﬁcit in internal funds, it will decrease cash reserves and probably raise debt.
Thus, when valuable future investments arise and they exceed corporate cash balances,
ﬁrms have to depend on external debt.
In this sense, ﬁrms with lower cash holdings might have higher leverage in the
presence of higher investment opportunities (Ferreira & Vilela, 2004). Otherwise, as a
ﬁrm becomes more proﬁtable, external ﬁnancing is unnecessary, implying a decrease in
the corporate debt level and an increase in cash holdings according to the demand level
for future investments (Opler et al., 1999).
In the pecking order approach, the increase in asymmetric information costs that
arises when managers have to inform the market of real state of the ﬁrm might inﬂuence
the choice between internal and external funds (Myers, 1984).
Dittmar et al. (2003) investigate the impact of asymmetric information on the ability
to access capital markets for external ﬁnancing for ﬁrms holding excess cash. When ﬁrms
face a high degree of information asymmetry, the assets held and future growth oppor-
tunities are undervalued, increasing the costs of raising external capital and inﬂuencing
ﬁrms to build up their ﬁnancial slack via cash holdings.
Opler et al. (1999) provide evidence that ﬁrms facing a higher cost of raising funds
and a higher asymmetric information level tend to hold more cash. Using data for US
ﬁrms on the Compustat database from 1971 to 1994, the authors ﬁnd that ﬁrms with less
access to capital markets, stronger growth opportunities, higher business risk, and smaller
size hold more cash than other ﬁrms.
Using data for international ﬁrms from the Worldscope database over the period
19952005, Drobetz et al. (2010) observe that higher information asymmetry, as measured
by dispersion of analyst forecasts, has a positive inﬂuence on the market value of cash,
increasing the ﬁrm value and decreasing the impact of adverse selection costs for external
ﬁnancing.
Ferreira and Vilela (2004) claim that ﬁrms with higher leverage have lower cash
holdings for ﬁnancing investments and paying debt. Using a sample of ﬁrms in EMU
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countries from 1987 to 2000, the authors ﬁnd that corporate cash holdings are positively
related to investment sets and negatively associated with the leverage level.
D'Mello, Krishnaswami, and Larkin (2008) ﬁnd that proﬁtable investment opportu-
nities might lead to deviation of the cash holding ratio from the optimal level. Focusing
on 154 spin-oﬀ ﬁrms from 1996 to 2000, the authors show that spin-oﬀ ﬁrms with higher
growth opportunities and higher asymmetric information are likely to hold more cash
than their peers.
Although pecking order theory has played an important role in explaining capital
structure decisions under informational asymmetry, few papers have used it to build ar-
guments on cash holdings. Dittmar et al. (2003) suggest that pecking order arguments
might confound the eﬀect produced by other views such as trade-oﬀ and agency theories,
especially for the relationship among cash holdings, leverage, and investment opportuni-
ties.
We ﬁnd that agency-based perspectives and trade-oﬀ theory have been used in 37%
and 24%, respectively, of the papers on cash holdings we selected, while pecking order
theory has been used in 4% of these studies. Although the majority of the articles apply
these classic theories, 34% involve new theoretical insights and empirical ﬁndings related
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Figure 2.3: Theoretical perspectives used in the cash holding literature.
2.2.4 Contemporary trends
New avenues to explain trends in corporate cash holdings have also been explored
in the literature. These contemporary approaches tend to analyse cash holdings in a
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diﬀerent manner to the papers already discussed, using perspectives that range from
ﬁnancial constraints to political participation.
Acharya et al. (2007) develop a theory of cashdebt substitutability considering an
optimal corporate ﬁnancial policy under ﬁnancial constraints. The model predicts that
ﬁrms might determine their cash and debt policies according to their hedging needs, as
measured by the correlation between cash ﬂows and investment opportunities. Financially
constrained ﬁrms with higher hedging needs (lower correlation between cash ﬂow and
investment opportunities) tend to borrow more debt and hold cash into the future. By
contrast, constrained ﬁrms with lower hedging needs (higher correlation between cash ﬂow
and investment opportunities) are likely to dispose of cash by paying for current debts to
ensure resources will be available for future needs. From this perspective, cash is not seen
as negative debt (Acharya et al., 2007).
The ﬁndings of Acharya et al. (2007) empirically support their prediction that con-
strained ﬁrms with proﬁtable investment opportunities might behave diﬀerently to uncon-
strained ﬁrms regarding cash and debt arrangements. Using a sample of manufacturing
ﬁrms from 1971 to 2001, the authors present evidence that constrained and unconstrained
ﬁrms use excess cash from cash ﬂows to reduce the amount of external debt when their
hedging needs are low. Under these conditions, ﬁrms with higher investment opportuni-
ties may allocate their cash ﬂow towards debt reductions to save or amplify their debt
capacity. However, only constrained ﬁrms will prefer higher cash holdings to lower debt
if their hedging needs are higher (Acharya et al., 2007).
Acharya et al. (2014) propose a theory of corporate liquidity to explain how cash
ﬂow, liquidity risk, credit lines, and cash holdings interact in the presence of future growth
opportunities. The model predicts that ﬁrms with higher cash ﬂow volatility are likely to
experience higher liquidity risk. If these ﬁrms have a low ability to raise external funds,
especially because of to their low pledgeable income, they might choose to retain cash
instead of using credit lines. Conversely, when ﬁrms have lower cash ﬂow variance, higher
pledgeable income, and higher future growth opportunities, they are likely to face lower
liquidity risk, and hence they tend to use credit lines rather than holding cash.
Almeida, Campello, and Weisbach (2011) present a theoretical framework in which
market imperfections aﬀect corporate behaviour, leading to distortions of the real in-
vestment level, capital structure choices, and cash policy. Focusing on the optimality
of corporate ﬁnancial policies and considering potential costs of external ﬁnance in the
future, the model predicts that ﬁrms have a propensity to allocate funds to safer and
more liquid assets (e.g. cash) in the presence of ﬁnancial constraints. On the ﬂip side,
by relaxing current and future ﬁnancing constraints, the model foresees that ﬁrms might
invest in riskier and more illiquid assets.
Hugonnier, Malamud, and Morellec (2014) also develop a dynamic model showing
how capital supply constraints aﬀect corporate cash holdings and investment policies.
Relaxing the assumption of an inﬁnitely elastic supply of capital and considering a sce-
nario in which ﬁrms have ﬁnite growth opportunities, the model indicates that ﬁrms have
to simultaneously make three interrelated decisions regarding their cash-holding policy,
investment time, and ﬁnancing funds. In this setting, Hugonnier et al. (2014) assume
that ﬁrms facing capital supply constraints have less ability to raise external funds and
tend to hold more cash to protect themselves against default risk. However, as cash is
considered an asset with a lower return, ﬁrms might choose a target level for cash holdings
that allows them to distribute dividends when the target is above the optimal level or to
retain earnings and search for investors when cash holdings are below the target. As a
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result, cash holdings are considered a hedging tool for preventing default and a ﬁnancing
instrument for providing internal funds for ﬁrms to ﬁnance their investment opportunities.
The model of Hugonnier et al. (2014) also predicts the target for cash holdings
increases with cash ﬂow volatility and decreases with asset tangibility and agency conﬂicts.
However, it is not possible reach an optimal ﬁrm policy because investment and payout
levels do not always increase with ﬁnancial slack, and the choice between internal and
external funds does not follow a ﬁnancial hierarchy.
Focusing on the link between tax costs and cash holdings, Fritz Foley et al. (2007)
show that multinational ﬁrms retain cash abroad In an analysis of the eﬀect of tax costs
on cash held in distinct locations for a large sample of US ﬁrms for 19822004, the authors
ﬁnd that one standard deviation increase in the tax costs associated with repatriations
leads to a 7.9% increase in the cash-holding ratio. This result conﬁrms that ﬁrms with
higher tax costs for repatriation of earnings hold more cash abroad.
Gamba and Triantis (2008) design a dynamical structural model of ﬁnancial ﬂexibil-
ity to assess the relationship among cash management, ﬁnancing, and investment policies.
Considering ﬁnancial ﬂexibility as the ability of a ﬁrm to raise ﬁnancing when proﬁtable
investment opportunities arise, the authors ﬁnd that diﬀerent combinations of debt and
cash might be created under uncertainty and taxes to provide optimal ﬁnancial ﬂexibility
and maximise the ﬁrm value. Therefore, ﬁrms that save cash instead of distributing it
to equity holders can boost their value by decreasing net debt to prevent default under
low proﬁtability. Indeed, building cash enables ﬁrms to increase costless net debt and
to potentially prevent costly external ﬁnancing costs for future investments during high
proﬁtability. In a simulation for a large cross-section of ﬁrms, Gamba and Triantis (2008)
ﬁnd that the marginal value of cash is negatively related to cash holdings, and positively
correlated to investment opportunities and ﬁnancial constraints.
The link between ﬁnancial ﬂexibility and corporate cash policies is also addressed
by Rapp et al. (2014) and Hoberg et al. (2014). From a shareholder standpoint, Rapp et
al. (2014) assess the value of ﬁnancial ﬂexibility for payout, capital structure, and cash
policies using a single aggregated market-based measure with forward-looking weights
based on the value-relevance of unexpected changes in cash holdings.
In an analysis of non-ﬁnancial US ﬁrms for the period 19882010, Rapp et al. (2014)
ﬁnd that ﬁrms with greater ﬁnancial ﬂexibility have higher growth opportunities, lower
reversibility of capital, lower proﬁtability, and lower costs of external ﬁnancing. Regarding
corporate ﬁnancial policies, Rapp et al. (2014) estimate that an increase of one standard
deviation in ﬁnancial ﬂexibility decreases the dividend payout ratio by 7%, and leads to a
decrease in leverage of 0.02 and an increase in cash holdings of 0.03. Moreover, ﬁnancial
ﬂexibility decreases as the cost of cash holdings increases.
Hoberg et al. (2014) explore how cash holdings provide ﬁnancial ﬂexibility for ﬁrms
facing product market threats. Using ﬂuidity as a measure of product market threats,
the authors ﬁnd that ﬁrms with a greater change in their product markets tend to retain
higher cash reserves, pay lower dividends, and repurchase fewer shares. The authors
suggest that cash-rich ﬁrms have more ﬂexibility in less stable markets and react more
strongly to competitive threats as they arise.
Brisker, Çolak, and Peterson (2013) focus on changes in corporate cash-holding
policies for ﬁrms listed on the S&P 500 index. Following the reverse trend for ﬁrms in the
Compustat database, the authors provide evidence that industry-adjusted cash holdings
decreased by nearly 32% in 2 years, implying ﬁrms listed on the S&P 500 have lower cash-
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holding levels than their peers. Using matching estimators, Brisker et al. (2013) further
conﬁrm that ﬁrms hold, on average, U$ 0.21 million more cash than their counterparts
in the period immediately before index inclusion. However, after listing on the S&P 500,
their cash reserves are U$ 22.36 million less than for their matched peers. According to
Brisker et al. (2013), the index inclusion eﬀect might play a role in reducing idiosyncratic
risk and reﬂecting better credibility for such ﬁrms in the external capital market. The
authors ﬁnd that changes in cash holdings and idiosyncratic risk are positively related,
meaning that ﬁrms with lower idiosyncratic risk have lower cash retention. Addressing
the eﬀects of leverage and external ﬁnancing costs on cash holdings, Brisker et al. (2013)
observe that constrained ﬁrms increase their borrowing by 11.31% and reduce their credit
spread by 1.58% after inclusion in the S&P 500. Thus, holding cash for precautionary or
transaction cost reasons becomes less important as risk decreases and the ability to raise
cheaper external funds increases in comparison to the time before index inclusion.
Brisker et al. (2013) also note that because S&P 500 ﬁrms are mature, they are
likely to drain their internal growth opportunities and increase their outstanding oppor-
tunity sources. Conﬁrming their hypotheses, ﬁrms with lower cash holdings have lower
market-to-book ratios, net working capital, and R&D and capital expenditure after index
inclusion. Although these ﬁrms tend to reduce investment opportunities, they increase
their acquisition spending in the post-inclusion period.
Studying the impact of cash holdings on corporate investment decisions, Pinkowitz
et al. (2013) investigate whether ﬁrms with higher cash stockpiles prefer to pay for acqui-
sitions with their excess cash. Examining bids from 1984 to 2006, the authors ﬁnd that
ﬁrms may choose to ﬁnance their acquisitions with stock instead cash. They note that
ﬁrms that hold more cash are 23% less likely to use cash to ﬁnance acquisitions than simi-
lar cash-poorer ﬁrms. After ruling out alternative explanations for the method of payment
for acquisitions, such as agency theory, ﬁnancial constraints, tax-related arguments, stock
overvaluation, and capital structure, Pinkowitz et al. (2013) identify ﬁnancial ﬂexibility
as a more suitable perspective to explain the trend whereby cash-rich ﬁrms acquire their
targets using stocks.
In the study by Klasa et al. (2009), cash holdings are strategically managed for
ﬁrms in collective bargaining agreements with labour unions. Using data for industry
ﬁrms for the period 19832005, the authors ﬁnd that cash holdings are negatively related
to unionisation rates. When ﬁrms face powerful unions, they hold less cash to improve
their bargaining position and avoid transfer of ﬁrm proﬁts to meet unions demands. This
negative relationship is more pronounced for stronger unions, more highly concentrated
industries, and ﬁrms with greater ﬁnancial constraint; conversely, it is weaker for dividend-
paying ﬁrms and for ﬁrms with higher bond ratings.
C. Kim and Bettis (2014) use behavioural theory to highlight cash holdings as a
strategic corporate asset. Cash holdings might be used for transaction and precautionary
motives, as well as for defensive strategies. Indeed, this might provide advantages to
deter competitors from building capacity ahead of demand, acquiring proﬁtable targets,
or investing in imminent technologies. Bearing in mind that cash holdings are considered a
highly ﬂexible form of credible threat to deter competitors, C. Kim and Bettis (2014) show
that ﬁrms with higher cash holdings might create economic value through new investments
and job creation, especially during times of greater ﬁnancial uncertainty. Likewise, by
reserving cash, ﬁrms may protect their strong competitive position by avoiding predation
risk and bankruptcy.
The eﬀect of banking regulation on cash holdings is analysed by (Pinkowitz &
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Williamson, 2001) and Francis et al. (2014). In their analysis of the determinants of cash
holdings in Japanese compared to American and German ﬁrms, Pinkowitz and Williamson
(2001) ﬁnd that Japanese ﬁrms have a lower net working ratio and lower debt leverage
than their US and German counterparts. However, Japanese ﬁrms hold higher cash re-
serve levels for greater durations compared to ﬁrms in the USA and Germany. After
ruling out several factors that might inﬂuence diﬀerences among the three countries, the
authors argue that banks induce Japanese ﬁrms to reserve high cash-holding levels to
build up bank wealth. Before the introduction of regulation of the banking system in
Japan, ﬁrms had to rely on banks to access external ﬁnancing. In turn, these ﬁrms had to
maintain higher cash holdings as a banking requirement instead of using it to pay down
their debt. Thus, leverage and cash holdings were positively related. After regulation, the
opposite relationship holds, whereby leverage and cash holdings are negatively correlated,
conﬁrming the bank power hypothesis.
Francis et al. (2014) ﬁnd that banking deregulation is negatively associated with cor-
porate cash holdings for American ﬁrms, especially among ﬁnancially constrained compa-
nies with diﬀerent hedging needs. As the authors point out, banking deregulation allows
interstate and intrastate bank-branch acquisitions and consolidations, which eliminates
less eﬃcient banks, increasing bank competition, and reduces lending costs.
Using state deregulation and the Riegle-Neal Act as exogenous shocks for a sample
of US ﬁrms for the period 19711997, Francis et al. (2014) observe that both ﬁnancially
constrained and unconstrained ﬁrms hoard lower cash holdings after banking deregulation.
As access to external ﬁnancing becomes easier and less costly, ﬁrms tend to have a lower
marginal value of cash, although Francis et al. (2014) ﬁnd that constrained ﬁrms with
higher hedging needs are likely to hold more cash.
Exploring bank lending during the 2008 ﬁnancial crisis, Kahle and Stulz (2013)
show that cash holdings and capital expenditures for US ﬁrms were equally aﬀected by a
common shock, regardless of whether ﬁrms were leveraged, non-leveraged, or in a direct
relationship with a bank. In an analysis of ﬁrm data for 20062009, the authors ﬁnd
that the eﬀect of corporate cash-holding ratios among ﬁrms did not diﬀer before and
after the crisis. Non-leveraged ﬁrms experienced a 35% reduction in capital expenditures,
while highly leveraged and bank-dependent ﬁrms decreased their capital expenditure by
30% and 37%, respectively. By contrast, cash-rich ﬁrms experienced no change in capital
expenditure in the ﬁrst year of the crisis, whereas their capital expenditure fell by 34%
after the Lehman collapse (Kahle & Stulz, 2013).
May (2014) also analyses the impact of the Lehman collapse on corporate liquidity
management. Using data for 73 non-ﬁnancial, non-utility ﬁrms that had an active credit
line with Lehman Brothers at the time of the bank's collapse, the authors ﬁnd that ﬁrms
with such a credit line lost 3% of their market value, on average, in the days around the
collapse. These losses are more noticeable for ﬁrms with lower cash-holding ratios, ﬁrms
with larger amounts of undrawn credit, ﬁnancially constrained ﬁrms, and ﬁrms for which
Lehman was their primary bank. In contrast to the ﬁndings of Kahle and Stulz (2013),
May (2014) observe that following the Lehman collapse, these ﬁrms burned their cash
reserves, lost their main access to a credit line, and decreased their investment level to a
greater extent than ﬁrms not dependent on a bank.
Harford et al. (2014) focus on the mitigation of reﬁnancing risk through corporate
cash holdings with consideration of the interaction between cash policy and debt maturity
decisions. The authors note that the nature of corporate debt changed from 1980 to 2008.
Long-term debt remained constant, while short-term debt increased, leading to an increase
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in reﬁnancing risk for ﬁrms. In this scenario, ﬁrms tend to simultaneously reach decisions
on maturity debt and cash-holding levels to mitigate their reﬁnancing risk. Harford et
al. (2014) provide empirical evidence that the average maturity of bonds and bank debt
decreased from 10.9 to 5.6 years and the cash-holding ratio increased from 0.085 to 0.139
from 1980 to 2008. The authors show that a 1% increase in the fraction of total long-term
debt due in the next 3 years leads to a 2.4% increase in corporate cash holdings. Moreover,
the shortening of debt maturity explains why 31.8% of the increase in cash holdings is
strongly signiﬁcant even when credit market conditions become tight and the reﬁnancing
risk is higher.
Examining the impact of ambiguity on managerial investment and cash holding deci-
sions, Neamtiu, Shroﬀ, White, and Williams (2014) show that macroeconomic ambiguity
is positively related to cash-holding ratios and negatively associated with investment lev-
els. These ﬁndings suggest ambiguity-averse managers tend to shift resources from risky
to riskless assets, investing less in capital expenditure and more in cash holdings as am-
biguity expectations regarding future investment pay-oﬀs arise.
Cash holdings have also been considered in other areas such as marketing, human
resources, culture, innovation, public administration, and political issues. Following the
line of market rivalry, D. Haushalter, Klasa, and Maxwell (2007) show that cash holdings,
growth opportunities, and predation risk are interdependently determined when market
competition is higher. They note that markets with higher industrial concentration reﬂect
greater interdependence of investment opportunities among rival ﬁrms. According to
D. Haushalter et al. (2007), in the presence of greater rivalry under downturn conditions,
ﬁrms might hold more cash as a strategy to attempt to use investments opportunities to
increase their market share and avoid predation risk. Studying S&P 500 manufacturing
ﬁrms for 19931997, the authors ﬁnd that higher interdependence regarding investment
opportunities between ﬁrms and their rivals might lead to a 26.2% increase in cash-holding
ratios.
Exploring the interplay between cash holdings and product market outcomes, Frésard
and Salva (2010) show that cash holdings are positively related to market share growth.
Using data for a sample of 105 four-digit industries, the author estimates that the per-
formance of cash-rich ﬁrms is more than double that of ﬁnancially fragile rivals in the
product market. In this context, ﬁrms in more highly competitive and concentrated mar-
kets have higher cash reserves for future expansion of market share at the expense of their
industry rivals. Frésard and Salva (2010) also ﬁnd that the larger the interdependence
of ﬁrm growth prospects among industry rivals, the greater is the eﬀect of cash. Consis-
tent with the results of D. Haushalter et al. (2007), cash holdings are seen as a strategic
instrument providing ﬁrms with the ﬁnancial strength to gain market share over their
cash-poor rivals.
Itzkowitz (2013) demonstrates that the business relationship between buyers and
suppliers may aﬀect corporate cash-holding behaviour. Using 19792006 data for US
manufacturing ﬁrms, the author ﬁnds that supply ﬁrms with major customers retain 30%
more cash than ﬁrms that do not have major customers. Customer importance and cash
holdings are positively correlated, suggesting that as the strength and concentration of
buyersupplier relationships increase, suppliers are likely to hold proportionately more
cash. Itzkowitz (2013) shows that this relationship is strongly signiﬁcant for businesses
with idiosyncratic features or a high level of asset speciﬁcity. In these types of businesses,
suppliers are required to commit to buyers not only regarding product sales but also for
specialised services. Consequently, loss of a customer has a higher cost and aﬀects future
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cash ﬂows, so ﬁrms with unique products tend to retain persistent high cash holdings for
precautionary and commitment reasons.
Custódio and Metzger (2014) focus on the link between CEOs with a career back-
ground in ﬁnance and corporate ﬁnancial policies. Exploring CEOﬁrm matching based
on ﬁnancial experience for the period 19932007, the authors ﬁnd that ﬁrms with a CEO
who is a ﬁnancial expert have greater maturity, a lower investment level, lower asset
volatility, lower asset growth, and lower cash holdings on average.
The eﬀect of cultural factors on corporate cash holdings is examined by Ramírez
and Tadesse (2009) and Y. Chen et al. (2015). In analysing ﬁrms from various countries,
these studies show that national culture, represented by individualism and uncertainty
avoidance, has a positive inﬂuence on corporate cash-holding behaviour. Both Ramírez
and Tadesse (2009) and Y. Chen et al. (2015) ﬁnd that ﬁrms in countries with greater
uncertainty avoidance (risk aversion measure) have higher cash-holding levels. Accord-
ing to Ramírez and Tadesse (2009), n increase of one standard deviation in uncertainty
avoidance leads to a 14% increase in the cash ratio of a domestic ﬁrm. Y. Chen et al.
(2015) ﬁnd that higher uncertainty avoidance results in a 6.45% increase in the cash-
holding ratio. These ﬁndings suggest that managers in such ﬁrms tend to be less tolerant
to higher volatility, especially when related to future cash ﬂow, and holding more cash to
compensate for this risk.
Levitas and McFadyen (2009) observe that cash-holding levels are positively inﬂu-
enced by R&D investment. The authors ﬁnd that R&D-intensive ﬁrms face two challenges:
a trade-oﬀ between funding of current projects or hoarding cash for future projects; and
higher costs for access to external funds because of the knowledge asymmetry arising from
an invention. To disentangle these issues, Levitas and McFadyen (2009) demonstrate that
R&D-intensive ﬁrms might signal the attributes and value of their R&D program to cap-
ital markets to provide tangible outcomes, inform outsiders of their patent portfolio, and
reduce knowledge asymmetries. In this setting, ﬁrms with higher-valued patents might
send a positive signal to external markets to reduce the costs associated with raising ex-
ternal funds, and hence provide another liquidity source. As a consequence, these ﬁrms
might raise cheaper external capital, produce cash ﬂow from new R&D projects, and
reduce their need to hold cash.
Qiu and Wan (2014) also consider the impact of R&D and product market com-
petition on corporate cash holdings under ﬁnancial constraints. Using a patent-weighted
average for peer R&D stocks to measure the technology spillover eﬀect, Qiu and Wan
(2014) show that technology spillovers and market competition are positively related to
corporate cash holdings. They ﬁnd that a 1% increase in technology spillover leads to
a 0.5% increase in cash reserves, and a 1% increase of market rivalry tends to increase
the cash ratio by 0.36%. Moreover, the technology spillover eﬀect is more pronounced
for constrained than for unconstrained ﬁrms, as the former depend more heavily on cash
holdings to take advantage of diﬀuse innovations.
D. Chen et al. (2014) explore the inﬂuence of government quality on corporate cash
holdings. According to the authors, the quality of a government can aﬀect corporate cash
policy by avoiding ﬁrm exposure to expropriation risk and protecting property rights via
law enforcement and regulations. Using data for a sample of Chinese ﬁrms from a 2006
World Bank survey, D. Chen et al. (2014) show that government quality, measured using
four proxies (property rights protection, lightness of tax burden, government cleanliness,
and aggregate government quality), is negatively related to corporate cash holdings. Ac-
cording to their results, a 1% increase in property rights protection leads to a 2% decrease
38
in the cash ratio for ﬁrms. The authors deduce that higher government quality mitigates
ﬁnancial constraints by creating a positive and strong investor environment that stimu-
lates ﬁrms to invest more and hold less cash, and improve their access to bank and trade
ﬁnancing.
Studying the interaction between state ownership and cash holdings for Chinese
ﬁrms during 20002012, Megginson, Ullah, and Wei (2014) ﬁnd that state ownership and
corporate cash holdings are negatively related. The authors ascribe this ﬁnding to the soft-
budget constraint eﬀect, which predicts that stated-owned ﬁrms in transition economies
obtain preferential treatment when in ﬁnancial trouble. Governments may support these
ﬁrms through subsidies, tax concessions, or credit preferences in stated-owned banks.
Megginson et al. (2014) show that the decrease in state ownership from a mean of 34.7%
in 2000 to 4.3% in 2012 led to an increase in cash holdings from 18.7% in 2000 to 32.8% in
2012. Consistent with the soft-budget constraint theory, ﬁrms with higher state ownership
hold lower cash reserves than non-state-owned ﬁrms, even during downturns.
Feng and Johansson (2014) analyse the eﬀects of political participation on cash hold-
ings for a sample of Chinese ﬁrms during 19992009. The authors show that ﬁrms con-
trolled by entrepreneurs who participate in politics have signiﬁcantly greater cash holdings
than other privately controlled ﬁrms. In support of the political extraction hypothesis,
Feng and Johansson (2014) note that ﬁrms with owners who are insider politicians have a
higher probability of being included in higher political circles and a lower risk of political
extraction of assets.
Figure 2.4 summarises our literature review on cash holdings, showing the papers
analysed, their core topic in relation to cash holdings, and their timeline by category
(AE). Each category represents a set of topics according to the keywords and goal of
papers. Each article is assigned to a core category, represented by diﬀerent colours. Some
papers (shown in green) are classiﬁed in more than one category because of interchangeable
connections among themes. Among the articles, 27.6% of papers are in category A, 30.5%





































There is a higher concentration of themes associated with categories A and B over
the whole period, which reveals a trend for publications on topics such as corporate de-
cisions, policies, and strategies, as well as those related to agency issues, ownership, gov-
ernance, organisational forms, and compensation design. Topics related to diversiﬁcation
(organisation forms) and compensation design have been less studied in recent.
Although categories C, D, and E are less well represented between 1997 and 2010,
academic contributions on these themes signiﬁcantly increased from 2011 to 2014. Topics
related to ﬁnancial constraints, market imperfections, internal capital markets, credit
lines, trade, market competition, banking, risk, and credit supply have received special
attention among corporate ﬁnance scholars (Almeida et al., 2014; Foley & Manova, 2014).
Papers in category C explore cash holdings in ﬁelds such as marketing, culture, public
administration, innovation, and accounting. If we consider only papers published in 2013
and 2014, articles in category C exceed those in category A by 50%, category B by 25%,
category D by 40%, and category E by 30%.
2.3 Pathway for the literature on cash holdings
The previous sections showed how cash-holding studies have been supported and
developed. This analysis allows us to identify the focus areas and perspectives explored
by scholars over time. Next, we describe the pathway for the literature on cash holdings
in terms of research evolution, the period analysed (when?), the levels and countries
investigated (where?), the papers cited most often (whom?), the main researchers and
their networks (who?), and the main methods and variables used (how?).
2.3.1 Evolution of the literature: timeline, core studies, and keyword features
Interest in corporate cash holdings goes back at least as far as Keynes (1936), who
identiﬁed the precautionary motive for holding of cash by ﬁrms. The literature on money
demands has also contributed to the ﬁeld, describing determinants of corporate cash
holdings such as ﬁrm operating (or transactional) activities, interest rates, technological
improvements, and opportunity costs (Mulligan, 1997; Miller & Orr, 1966; Meltzer, 1963).
However, we did not ﬁnd papers that used this approach with a ﬁnance focus. As described
above, agency, trade-oﬀ and pecking order theories, based mainly on studies by Jensen
and Meckling (1976); Jensen (1986) and Myers (1984), have been applied in a signiﬁcant
proportion of articles on cash holdings.
We also note growth in the literature since the mid-1990s, when cash holdings be-
came an active topic in liquidity research. Figure 2.5 shows the main contributions to
research on cash holdings over time. Each triangle represents the most important study
in that period according to the absolute number of citations. Arrows indicate the direc-
tion of knowledge ﬂow in a chronological citation path. It is important to note that this
timeline does not present the inﬂux among these papers. However, by following the focus
of each paper, we can identify the ideas with a signiﬁcant inﬂuence on other researchers
in the ﬁeld.
Starting with Lamont (1997), cash holdings are seen as an important source of
internal capital that enable ﬁrms to take advantage of investment opportunities. Assuming
that corporate segments are ﬁnancially dependent, the author shows that oil sector ﬁrms
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Figure 2.5: The evolution of cash holding literature.
exposed to business shocks tend to reduce investment as internal funds such as cash
decrease. The relevance of cash holdings for internal markets and corporate investment
is further studied by Almeida and Campello (2010); Subramaniam et al. (2011); Tong
(2011); Boutin, Cestone, Fumagalli, Pica, and Serrano-Velarde (2013) and Locorotondo,
Dewaelheyns, and Hulle (2014).
From the perspective of ﬁnancing constraints, Almeida and Campello (2010) show
that the choice between internal and external funds is interdependent on ﬁrm investment
and proﬁtability and the capacity to raise costless external ﬁnancing. Focusing on ﬁrm
diversiﬁcation, Subramaniam et al. (2011) attribute the lower cash holdings among diver-
siﬁed ﬁrms to the availability of active internal capital markets and the current growth
opportunities.
On the ﬂip side, Tong (2011) ﬁnds that ﬁrm diversiﬁcation has a negative impact on
the value of cash from an eﬃcient internal capital market view. The value of corporate cash
holdings is 14.6% lower for diversiﬁed ﬁrms than for single-segment ﬁrms, independent of
ﬁrm constraints.
Analysing business groups, Boutin et al. (2013) and Locorotondo et al. (2014) show
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that aﬃliated ﬁrms might hold less cash because of their easy access to the internal
capital market within the group. As these internal funds are a cheaper source compared
to external capital, they also mean that aﬃliated ﬁrms have lower sensitivity to ﬁnancial
constraints and higher advantage on entry into new markets in comparison to non-aﬃliated
ﬁrms.
Between 1998 and 1999, four inﬂuential papers (Holmström & Tirole, 1998; C. S. Kim
et al., 1998; Opler et al., 1999; Harford, 1999) extended the scope of cash holding research
and motivated a signiﬁcant number of new theoretical and empirical insights.
Using a two-period agency framework, Holmström and Tirole (1998) shows that
agency problems in ﬁrms could have a twofold eﬀect: limiting the amount of external
ﬁnancing via banking lines and/or reducing the long-term commitments by outside in-
vestors. By introducing the eﬀect of ﬁnancial constraints on liquidity supply and pre-
senting a credit line as an alternative source of liquidity, Holmström and Tirole (1998)
inspired the models described by Almeida et al. (2004); Acharya et al. (2007); Lins et
al. (2010); Almeida, Campello, and Hackbarth (2011); Acharya et al. (2012); Acharya,
Almeida, and Campello (2013) and Acharya et al. (2014).
C. S. Kim et al. (1998) provide an optimal model of corporate liquidity using the
trade-oﬀ among liquid asset holdings, investment opportunities, and future liquidity needs.
Analysing the beneﬁts and costs of holding cash, the authors establish that the optimal
amount of liquidity is an increasing function of the cost of external ﬁnancing, the variance
of future cash ﬂows, and the proﬁtability of future investment opportunities. Thus, ﬁrms
are likely to maintain higher cash holdings as cash ﬂow uncertainties, lower proﬁtability,
and ﬁnancial constraints arise in the future. The optimal trade-oﬀ model of(C. S. Kim et
al., 1998) inﬂuenced work by Mikkelson and Partch (2003); Faulkender and Wang (2006);
Dittmar and Mahrt-Smith (2007); Harford et al. (2008); Gamba and Triantis (2008);
Levitas and McFadyen (2009) and Frésard and Salva (2010).
The determinants and implications of cash holdings were ﬁrst discussed by Opler et
al. (1999). The authors systematically describe the impact on cash-holding behaviour of
elements such as growth opportunities, cash ﬂow volatility, size, credit rating, ﬁrm value,
capital expenditure, acquisition spending, payouts, and access to capital markets. These
ﬁndings provided a basis for the exploration of additional factors related to cash holdings.
In fact, Opler et al. (1999) is the paper with the most citations in absolute terms, and
their cash-holding measure is the proxy most often used for assessing cash holdings.
Following Opler et al. (1999), (Pinkowitz & Williamson, 2001; Ferreira & Vilela,
2004; Ozkan & Ozkan, 2004; Core et al., 2006; Pinkowitz et al., 2006; Kalcheva & Lins,
2007; Fritz Foley et al., 2007; J. R. Brown & Petersen, 2011; Kusnadi, 2011; Wu et al.,
2012; H. Gao et al., 2013; Itzkowitz, 2013) and Al-Najjar (2015) extended determinant
analysis by searching for diﬀerent determinants and consequences associated with cor-
porate cash holdings, including performance, ownership, governance, agency costs, R&D
spending, asymmetric information, product market competition, managerial issues, taxes,
dividends, and share repurchases. Identiﬁcation of the determinants of persistent increases
in cash holdings is also the central focus in studies by Mikkelson and Partch (2003); Fer-
reira and Vilela (2004); Han and Qiu (2007); Bates et al. (2009) and C. Kim and Bettis
(2014).
The work of Harford (1999) is central in highlighting the importance of links between
cash holdings and acquisitions. Noting that cash-rich ﬁrms are likely to make unexpected
acquisitions in bidding for unattractive and/or diversifying targets, the author ﬁnds that
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the high costs and low transactions beneﬁts related to value-decreasing acquisitions might
lead to destruction of shareholder value. The interaction between cash holdings and
acquisitions is further explored by Dittmar and Mahrt-Smith (2007); Harford et al. (2008);
N. Gao (2011); Almeida, Campello, and Hackbarth (2011), and Pinkowitz et al. (2013).
Pinkowitz and Williamson (2001) study the role of banks in corporate cash-holding
behaviour. However, it is only recently that research has again focused on the relationship
between banks and corporate cash holdings, in particular for deregulation and consolida-
tion banking (Francis et al., 2014), banking monitoring (Acharya et al., 2014), and ﬁrm
borrowing and bank default (Kahle & Stulz, 2013; May, 2014).
Exploring ownership, performance and cash holdings, Mikkelson and Partch (2003)
show that there is no diﬀerence in operating performance and governance mechanisms
between cash-rich ﬁrm and their cash-poor counterparts.
Inﬂuenced by Opler et al. (1999); Harford (1999), and Mikkelson and Partch (2003),
Dittmar et al. (2003) systematically explore the eﬀect of international corporate gover-
nance on cash holdings in ﬁrms around world. Using agency-based theories to understand
the relationship between corporate governance and cash holdings, Dittmar et al. (2003)
provide insights for studies by Pinkowitz et al. (2006), Dittmar and Mahrt-Smith (2007),
Harford et al. (2008), Y. R. Chen (2008), Y. R. Chen and Chuang (2009), Fresard (2010),
Q. Chen, Chen, Schipper, Xu, and Xue (2012), and Schauten et al. (2013).
The novel association between ﬁnancial constraints and the sensitivity of cash hold-
ings to cash ﬂow described byAlmeida et al. (2004) inﬂuenced models proposed by Özgür
Arslan et al. (2006); Acharya et al. (2007); Denis and Sibilkov (2010), and Almeida,
Campello, and Weisbach (2011). Acharya et al. (2007) introduce the hedging need motive
for cash holding by forms; Denis and Sibilkov (2010) and Acharya et al. (2014) address
the same issue.
The 2008 global ﬁnancial crisis highlighted the role of corporate cash holdings.
Campello et al. (2010) note that the 2008 crisis aﬀected capital supply, leading ﬁrms,
particularly those with ﬁnancial constraints, to reduce cash holdings, burn their reserves
to maintain their operations, and postpone their investment plans. Focusing on how ﬁrms
manage their liquidity when capital is scarce, Campello et al. (2011) reveal the eﬀects of
substitution by internal funds for external capital by ﬁrms during the 2008 crisis.
Figure 2.6 summarises the citation path among the studies cited most often. The
ﬁgure shows the research pathway in chronological order and the most signiﬁcant knowl-
edge route among cash-holding studies. We can observe the strong inﬂuence of papers
such as those by C. S. Kim et al. (1998); Opler et al. (1999); Harford (1999); Dittmar et
al. (2003); Mikkelson and Partch (2003), and Almeida et al. (2004) on the other articles.






























An analysis of keywords may also reveal the evolution of literature in a speciﬁc ﬁeld,
especially by showing increases in the use of some keywords over time (Furrer et al., 2008).
Nearly 79% of 176 individual keywords retrieved from the articles were used only once,
12% were used twice, and 11% were used more than three times among the papers. Cash
holdings is the most frequent keyword (47.6% of papers), followed by corporate governance
(10.4%), cash (6.7%), capital structure (4.7%), and ﬁnancial constraints (3.8%). Use
of the keywords cash holdings, investment, liquidity, governance, ﬁnancial constraints,
acquisitions, ﬁrm value, and credit lines is also consistent and stable over time.
Other keywords such as determinants of cash, agency, trade-oﬀ, compensation, cash
ﬂow, repurchase, payout, and ownership have been used less, whereas keywords such
as risk, product market competition, credit lines, trade credit, banking, and ﬁnancial
ﬂexibility have been increasingly used in recent years. The overall mean is 2.84 keywords
per paper. Considering the distribution over only the papers that used keywords, this
average increases to 4.27 keywords per article.
It is natural to ﬁnd cash holdings as the most cited keyword, as this is our core focus.
It is surprising to note the low frequency of other keywords, especially for words directly
connected to agency (e.g. agency costs 1.9%) and trade-oﬀ (e.g. precautionary savings
1.9%) theories, which were the basis for 60% of the papers. Thus, although the majority of
articles used these theories to support their arguments, they do not use keywords related
to the theories. By considering all possible keywords applied, such as agency costs, agency
problems, agency theory, governance, asymmetric information, free cash ﬂows, managerial
control, managerial incentives, takeover, ownership, excess of cash, hedging needs, and
precautionary motive, the total number of words associated with agency and trade-oﬀ
perspectives increases to 40%, but this still does not match the proportion of papers that
use agency and trade-oﬀ theories.
The absence of a keyword section in journals such as Journal of Finance, Journal
of Financial and Quantitative Analysis, Journal of Political Economy, Journal of Small
Business Management, Quarterly Journal of Economics, Rand Journal of Economics,
Review of Financial Studies, and Review of Finance may partly explain this ﬁndings.
Some 33% of the selected papers are published in these journals, of which 46% use agency-
based theories or a trade-oﬀ model as their main theoretical approach. If we select only
one keyword from these papers, the number of keywords related to these perspectives
increases to 55%, conﬁrming the ﬁndings for the theoretical perspective category.
2.3.2 Paper cited most often in cash-holding research
Citation in scientiﬁc papers is a useful and relatively cost-free instrument for measur-
ing research performance and providing an indication of article acceptance and knowledge
ﬂow within the ﬁeld (J. S. Liu et al., 2013). We consider both absolute and relative cita-
tion values. The absolute value is the number of citations a paper has received, regardless
of the year in which it was published according to three diﬀerent data sources: Scopus,
Web of Science, and Google. To assess the relative citation value, namely the citation
ratio, we measure the number of citations divided by the number of years since the paper
was published. For both analyses, our cutoﬀ is 10 citations per paper.
Table C.1 presents data for the papers cited most often, including the year of publi-
cation, journal name, impact factor, absolute citation value, and the author aﬃliation(s)
(university, college, or research centre). We set 10 citations in all databases over time as
the cutoﬀ.
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Selection of papers cited at least 10 times reduces our sample from 105 to 39 articles.
Their general features are:
• They were published 9 years ago, on average;
• 61.5% were published in journals with an impact factor greater than 3.5;
• 66.7% of the research was conducted exclusively in American universities, and
15.38% jointly in American, UK, and Canadian Universities;
• 53.8% present new ﬁndings to the ﬁeld; and
• 100% are quantitative.
Among these papers, 43.6% of the studies were concentrated in one UK and four
US universities. The main knowledge centres are the University of Arizona (10.25%),
the University of Illinois (10.25%), Georgetown University (7.7%), the London Business
School (7.7%), and Ohio State University (7.7%).
The 20 papers cited most often are written by 2.5 authors on average and cited at
least 40 times; 75% were published 11 years ago in journals with an impact factor greater
than 3.5. Moreover, 90% of the research was carried out in US universities, 70% used a
US context, 45% is related to category A (corporate decisions, strategies and policies),
and 35% to category B (agency problems, ownership, governance, organisational forms,
and compensation design). Finally, 50% of the papers produced new ﬁndings, and 100%
applied a quantitative analysis method.
As more recently published papers have less potential to have a large number of
citations, we also compared citation ratios for the papers. Using Scopus and Web of
Science as data sources, we ranked the papers as shown in Table 2.4. According to Furrer
et al. (2008), the citation ratio better reﬂects the real inﬂuence of an article in the ﬁeld.
Selection of papers cited at least 10 times/year reduces our sample to 14. Nonetheless,


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.3.3 Scholar networks on cash holdings
Many scholars have contributed to the literature on cash holdings. We assess a
total of 245 researchers as authors and co-authors. Acknowledging the inﬂuence and
contribution of a researcher encourages the improvement of knowledge within the ﬁeld.
One way to recognise good work is to identify the core areas that authors choose to
research. To this end, we select individuals who authored at least three papers on cash
holdings. Figure 2.7 presents these authors and their core research areas related to cash
holdings. It is evident that these authors have researched more than four topics related

































Cross-referencing authors and co-authors of the selected papers reveals networks
among them. Our analysis also reveals the strength and direction of these relationships,
as shown in Figure 2.8. A researcher can be just an author (yellow triangle), just a co-
author (grey triangle), an author of one paper and co-author of another paper (green
triangle), and a single author (blue triangle).
We can distinguish 12 networks with more than four researchers (shaded area in
grey), 16 with three researchers, 22 with two researchers, and 23 with single scholars.
The arrows indicate the direction of the authorship, and more than one arrow indicates
the strength among researchers. The strongest relationships are among H. Almeida, V.
Acharya, M. Campello, and M.S. Weisbach, and between L. Pinkowitz and R. Williamson.






























































2.3.4 Research methods in the literature on cash holdings
Cash holdings have been used in empirical models as the dependent variable (39%),
an independent or explanatory variable (20%), and to build other related variables (31%).
As cash holdings are not readily available from ﬁnancial statements, the literature has
used diﬀerent proxies for measuring this variable. Table 2.5 lists the concepts used most























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Bates et al. (2009) point out that the ratio of cash and cash equivalents to total
assets is the most traditional measure among papers. As reported by the authors, the
cash-to-net assets ratio and its logarithm might produce outliers for ﬁrms with a high asset
concentration in cash or with assets of less than U$ 100 million. Although the authors
choose one of these measures, they also use an alternative measure of cash holdings as a
basic check for robustness.
There are two reasons for using cash holdings as an independent variable: (1) when
investigating the eﬀect of cash holdings on other ﬁnancial factors, such as investments,
acquisitions, stock returns, ﬁrm value, ﬁnancing, and governance; and (2) when analysing
the relationship between two parameters inﬂuenced by cash holdings. In the latter case,
cash holdings are used as a control variable.
Cash holdings are also used to build other related variables, such as the sensitivity
of cash ﬂow to cash (Almeida et al., 2004; Acharya et al., 2007; Bao et al., 2012; Brisker et
al., 2013), the variation of cash holdings (Kahle & Stulz, 2013; Kusnadi, 2011; Riddick &
Whited, 2009; Opler et al., 1999), excess cash (Schauten et al., 2013), unexpected changes
in market values (Rapp et al., 2014; Tong, 2011), the marginal value of cash holdings
(Tong, 2010), industry-adjusted cash holdings, and imputed cash holdings (Subramaniam
et al., 2011).
The literature has presented diﬀerent determinants of and distinct relationships in-
volving cash holdings. We identify 31 diﬀerent variables revealed as determining factors
for cash holdings. Firm-speciﬁc factors such as size, age, net working capital, growth
opportunities, proﬁtability, cash ﬂow, leverage, investment opportunities, capital expen-
diture, asset liquidity, risk, and R&D have been extensively explored as control variables.
Exogenous factors, such as investor protection systems, government quality, external capi-
tal markets, ﬁnancial shocks, ﬁnancial constraints, credit ratings, inﬂation, and corruption
have also been identiﬁed as inﬂuential factors for corporate cash retention behaviour.
The following are some examples of predictions from papers in which cash holdings
are used as a dependent variable:
• Larger ﬁrms have lower cash holdings;
• Younger ﬁrms have larger cash holdings;
• Firms with higher levels of uncertainty and risk typically have higher levels of cash
reserves;
• Firms with higher industry volatility are likely to retain more cash;
• Firms ﬁnancially constrained are likely to have higher cash holdings;
• Firms with higher eﬀective tax rates hold lower cash balances;
• Firms with higher growth opportunities should have higher cash holdings;
• Higher ﬁnancing deﬁcits are associated with lower cash holdings;
• Firms with higher leverage have lower cash reserves;
• Firms that pay dividends have higher cash balances;
• Firms with higher payouts have lower cash reserves;
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• Firms with shorter cash-conversion cycles have lower cash balances;
• Firms with higher net working capital might have lower cash reserves;
• Firms with higher investment opportunities have higher cash-holding levels;
• Firms with higher cash holdings have lower investment levels;
• Firms with a higher level of managerial ownership might have higher cash balances;
• Cash-rich ﬁrms have lower acquisitions levels;
• Firms with an independent board are likely to hold more cash;
• Firms with higher CEO compensation ﬁrms have lower cash holdings; and
• Firms with higher shareholder rights have lower cash holdings.
Tables D.1 and E.1 summarise our ﬁndings for the principal relationships between
cash holdings (dependent variable) and several independent variables among the papers.
In the majority of these articles, cash holdings are positively related to the market-to-
book ratio, cash ﬂows, investment opportunities, age, managerial ownership, sales growth,
proﬁtability, R&D, industry volatility, board independence, state-owned ﬁrms, ﬁnancial
constraints, and cash ﬂow volatility. By contrast, cash holdings are negatively asso-
ciated with size, net working capital, leverage, credit spread, investment level, capital
expenditure, acquisitions, liquidity, taxes, bond rating, inﬂation, government quality, and
corruption.
All the papers we analyse are quantitative, and 14.3% use both theoretical and
empirical approaches to develop a model and then test the predictions empirically. Some
78.1% use an empirical model and 7.6% apply mathematical modelling.







• Fixed eﬀect regression;
• Instrumental variables estimation;





• Full-information maximum likelihood (FIML);
• Event study with CAR;
• Logit regression;
• Multinomial logistic regression;




• System of seemingly unrelated regression (SUR);
• Weighted least squares (WLS);
• Time-series regression;
• The Abadie-Imbens matching estimator; and
• Tobit regression.
In general, the papers present a main empirical analysis with one speciﬁcation model.
OLS regressions are the most frequent traditional econometric instrument, used by 30.5%
of the papers, followed by diﬀerences-in-diﬀerences (7.6%) and GMM models (6.7%).
Some econometric tools such as diﬀerences-in-diﬀerences, Poisson regression, and The
Abadie-Imbens matching estimator have only been used since 2012.
2.4 Gaps and future research on cash holdings
Combining the main focus and theoretical perspective categories reveals 33 unique
combinations, as shown by Figure 2.9. This highlights the applicability of cash holdings
research to other ﬁnance topics, and its connections to other ﬁelds such as behavioural
theory, marketing, public administration, corruption, human resources, culture, and in-
novation.
Categories related to the main focus are denoted focus and those related to the
theoretical perspective are denoted theoretical. Combining these two categories identi-
ﬁes strong links among focus category B (agency problems, ownership, governance, or-
ganisational forms, and compensation design) and theoretical category C (agency-based
theories), focus category A (corporate decisions, policies, and strategies), and theoreti-
cal category D (other perspectives). These interactions account for 35% of the papers
analysed and also provide other unique combinations that have not been explored so
far. Among the focus and theoretical groups, we do not ﬁnd any relation between focus
category B and theoretical category B (pecking order theory), between focus category
C (culture, politics, government, unions, product market competition, and relationships)
and theoretical category C (agency-based theories), or between focus category D and theo-
retical category C. In addition, we do not detect interrelations among the focus categories
(e.g. focus A with focus C, focus A with focus D, focus C with focus D, or focus D with
focus E).
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Figure 2.9: Theoretical perspective and main focus matchings.
The analysis levels diﬀered among the papers: 47.6% use a ﬁrm-level approach,
16.2% use ﬁrms within segments, 11.43% use ﬁrms across countries, and 4.76% use busi-
ness groups in their study. Another interesting ﬁnding is that 94.3% of the papers use
publicly listed ﬁrms, 1.9% use cross-listed companies (those listed on a diﬀerent exchange
to their original stock exchange), 1.9% use private ﬁrms (non-listed), 0.9% explore small
and medium-sized ﬁrms, and 0.9% study family-controlled ﬁrms.
Publicly listed ﬁrms have to disclose ﬁnancial reports periodically, which provides a
rich and large data set, especially in developed countries, and allows wide research into
such ﬁrms. By contrast, the lack of data availability for private, small, and medium-sized
ﬁrms is a natural barrier to their investigation.
Splitting the papers according to the organisation structure studied reveals a poten-
tial research avenue. Among the 105 papers, 2.85% study diversiﬁed ﬁrms, 1.9% stated-
owned companies, 0.9% IPO ﬁrms, 0.9% vertically integrated ﬁrms, 0.9% venture capital,
0.9% property-liability insurers, and 0.9% spin-oﬀs. None of the papers explore private
equity buyouts or hedge fund activism. These issues have been considered hot topics for
future research in corporate ﬁnance (Davis et al., 2014; Brav et al., 2011).
The US context is explored by 62% of the papers, with 8.6% focusing on Europe,
8.6% on Asia, 0.9% on BRICS, and 11.4% on a world framework. None of the papers
study Latin America or Africa as the main target. In general, Latin American and African
countries are studied jointly with other countries around the world using ﬁrm samples from
the Compustat Global or Worldscope database.
Combining these observations with gaps pointed out by the authors, we identify
some potential topics for future research. Only one paper considered small and medium-
sized ﬁrms. According to US Census Bureau data (Bureau, 2012), there were 28,443,856
small and medium-sized ﬁrms in 2012; they borrowed $ 1,830.5 billion in 2011 and con-
tributed 46% of private non-agricultural GDP in 2008, playing an important role in the
US economy. Given this relevance, an increase in the number of studies exploring this
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setting are expected as more data become available.
As pointed out by Al-Najjar (2013), important internal corporate governance factors
such as board characteristics, audit features, and CEO characteristics have been explored
for developed countries, but require further analysis in emerging countries. As countries
diﬀer in their ﬁnancial and governance structures, ﬁrm cash holdings might diﬀerent in
behaviour by country as well.
Al-Najjar (2015) suggests that investigation of corporate governance and cash hold-
ings in small and medium-sized ﬁrms around the world is a way to compare the develop-
ment of governance mechanisms and their eﬀects on corporate cash holdings by such ﬁrms.
C. Kim and Bettis (2014) also recommend research into the dynamics of cash holdings
and their strategic deployment among ﬁrms of diﬀerent relative size across industries.
According to Fritz Foley et al. (2007), ﬁnancially constrained ﬁrms with higher
domestic leverage and lower investment grade show less propensity to defer taxes related
to repatriation by hoarding cash overseas. However, the tests used by Fritz Foley et
al. (2007) do not provide enough evidence that these tax burdens reduce domestic cash
balances, oﬀering a worthwhile avenue to explore in future research.
Despite providing an interesting dynamic model, Gamba and Triantis (2008) con-
clude that their theoretical framework is still inaccurate in matching previous empirical
ﬁndings on corporate ﬁnancial policy. To solve this issue, the authors suggest new theoret-
ical extensions, such as relaxing the restriction on debt risk, examining both managerial
and debt-related agency problems, allowing for a richer set of investment opportunities,
and underlying stochastic variables.
Innovation issues are only examined by two papers in our survey. Levitas and
McFadyen (2009) recommend new research to examine the relationship between cash-
holding behaviour and innovation for alliances among industries under diﬀerent levels of
ﬁnancial uncertainty.
Credit lines and banking topics have been proposed by scholars in the literature on
cash holdings. However, the relationship among cash holdings, bank lending, and ﬁrm
borrowing has not been fully elucidated. Francis et al. (2014) propose that future research
should provide an understanding of how the risk incentive mechanisms of consolidated
banks can aﬀect the risk-taking behaviour of corporate borrowers.
Issues involved in ﬁrm bankruptcy and fraud have not been discussed from a cash-
holding perspective. Marcel and Cowen (2013) show that ﬁnancial fraud tends to be
associated with weaker governance instruments. Governance has been an active topic in
cash holdings research, but a bridge connecting ﬁnancial fraud, governance, and cash-
holding behaviour is lacking.
Finally, Almeida et al. (2014) suggest the investigation of cash holdings in a real
sense by including not only traditional measures of cash and cash equivalents but also
those named by ﬁrms as cash investments. Almeida et al. (2014) state that this approach
may allow researchers to estimate the magnitude of risks to which a ﬁrm's cash holdings
are exposed, particularly during downturns.
2.5 Concluding remarks
The saying once bitten, twice shy reﬂects how ﬁrms around the world have behaved
over time regarding their cash-holding policy. This trend remains across ﬁrms from both
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developed and developing countries. In a survey of 105 papers from 1997 to 2015, we
identify papers published on cash-holding research, and identify links, core ideas, methods,
and ﬁndings that have built the research pathway for this ﬁeld.
Diﬀerent standpoints have been used to explain trends for corporate cash holdings.
We analyse studies that use agency theory, trade-oﬀ theory, pecking order theory, and
contemporary approaches. We list the papers cited most often and the knowledge centres
from which they come, as well as their contributions to the literature. Moreover, we
identify the main networks established among authors and co-authors, and the strongest
relationships among these scholars according to co-authorship of papers.
We also describe the concepts used to deﬁne cash holdings, the main independent
variables, and the relationships established with these independent variables for cash
holdings as the dependent variable. We discuss the major data analysis tools used in
the literature, pointing out that diﬀerences-in-diﬀerences, Poisson regression, and the
Abadie-Imbens matching estimator have only been used as instruments since 2012.
Comprehending how ﬁrms manage their cash holdings has become increasingly rele-
vant to corporate ﬁnance research and practice. Moreover, understanding the antecedents
of why ﬁrms hold such excess cash and their consequences could be important in shedding
light on the inﬂuence of several factors on corporate cash-holding management. Studies
that consider interdependence among corporate ﬁnancial policies could represent a chal-
lenge in the ﬁeld.
Although much has been studied, taxes, organisational structure, fraud, bank lend-
ing, and ﬁrm bankruptcy are topics that have been explored by few scholars. Emerging
topics such as risk, shocks, ﬁnancial constraint, credit lines, and banking issues are also
fruitful areas for future research.
Even though other liquidity instruments such as credit lines, derivatives, and working
capital have been explored in recent years, the majority of the literature recognises the
importance of cash holdings to corporate liquidity management, so this topic continues
to be a relevant research issue in the ﬁnance ﬁeld.
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3 A bird in the hand is not worth two in the bush: insider
ownership, idiosyncratic risk, and cash holdings
Cash is central to a ﬁrm's liquidity management, enabling ﬁrms to ﬁnance invest-
ments and other liabilities and to avoid the high costs of raising external funds (Harford
et al., 2014; Almeida et al., 2014). Therefore, cash holdings are the most common, quick
way for ﬁrms to ensure liquidity. Comprehending how ﬁrms manage their cash holdings
has become increasingly relevant to corporate ﬁnance research and practice. Moreover,
understanding the antecedents of excess cash holding by ﬁrms and the consequences could
elucidate the inﬂuence of several factors on corporate cashholding management (Almeida
et al., 2014).
Because cash is considered the most liquid of a ﬁrm's assets, it can be quickly
transformed, held, or applied elsewhere carrying a high transformation risk (Myers &
Rajan, 1998). For instance, cash holdings could induce managers to turn excess cash
into perks or excessive salaries (La Porta et al., 2002). Although excess cash raises the
ﬁrm's ability to raise external ﬁnancing and undertake investment opportunities, it does
not provide assurance that managers will commit to a corporate strategy that protects
shareholders and other investors (Arnold, 2014). To mitigate potential misbehaviour,
insider ownership should be increased to align managers with shareholders' interests (Al-
Najjar, 2015; Nikolov & Whited, 2014; Jensen, 1986; Jensen & Meckling, 1976).
On the one hand, the greater the level of managerial ownership, the more direct con-
trol the manager has over the ﬁrm, and external shareholders may ﬁnd it more diﬃcult
to monitor manager's actions or estimate the true value of the manager's corporate deci-
sions (Ozkan & Ozkan, 2004). Therefore, greater managerial ownership may increase the
likelihood that managers will pursue private interests at the expense of shareholders by
potentially diverting resources, such as outright stealing, excessive salaries, perquisite con-
sumption, and/or transfer pricing (La Porta et al., 2002). Hence, under the entrenchment
agency hypothesis, a positive relation between managerial ownership and cash holdings is
expected (Al-Najjar, 2015; Y. R. Chen, 2008).
On the other hand, if managerial ownership acts as a monitoring tool within compa-
nies, it could inhibit discretionary behaviour avoiding conﬂicts of interest between share-
holders and managers in cases where executives own more company shares. Thus, compen-
sating managers with ﬁrm's stakes might discourage them to pursue their own interests,
and using available resources such as cash could maximise shareholder value (Al-Najjar,
2015; Ozkan & Ozkan, 2004). As a result, executives in publicly traded ﬁrms worldwide
hold substantial ownership in their companies (Panousi & Papanikolaou, 2012). In this
regard, studies based on the interestalignment hypothesis have found a negative relation
between insider ownership and corporate cash holdings (Y. R. Chen & Chuang, 2009;
Ozkan & Ozkan, 2004).
Although compensation schemes may seem to have desirable incentive/motivational
properties, they may also discourage the manager from bearing risk that could be better
carried by diversiﬁed stockholders (Holmström & Tirole, 1998). If a signiﬁcant proportion
of a manager's personal wealth is linked to compensation packages based on equity shares,
the manager tends to exhibit risk averse behaviour, whereas the principal may tend to
exhibit risk neutral behaviour (Zajac & Westphal, 1994). Therefore, while the principal
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only bears systematic risk, the manager bears both systematic and idiosyncratic risks
(Tong, 2010).
If idiosyncratic risk cannot be fully diversiﬁed for reasons such as transaction costs
(Malkiel & Xu, 1997; Merton, 1987), low liquidity stocks (Merton, 1987), restrictions im-
posed on companies when the investor holds a strategic position within the ﬁrm (Acharya
& Bisin, 2009; G. Brown & Kapadia, 2007; Campbell et al., 2001), or even prohibition
because of issues associated with insider trading (Leland, 1992), the level of insider own-
ership may positively aﬀect corporate cash holdings. Additionally, when the risk taking
preferences are diﬀerent, it is costly and diﬃcult for the outside shareholders to convince
the manager to bear idiosyncratic risk. Thus, studies related to the risk agency hypothesis
suggest that risk averse managers may retain more liquid assets to minimise ﬁrm risk and
protect their own wealth at the expense of shareholder value (Arnold, 2014; Tong, 2010).
The questions that arise from this context are: Does corporate exposure to idiosyn-
cratic risk drive ﬁrm's cash policies? Does insider ownership aﬀect the level of corporate
cash holdings? If ﬁrms maintain more cash reserves because of idiosyncratic risk, does
the level of insider ownership change the cash holdingidiosyncratic risk relationship?
Cash holdings, managerial ownership, and idiosyncratic risk have been explored
by the ﬁnance literature in recent years. G. Brown and Kapadia (2007) identify that
idiosyncratic risk is greater for ﬁrms in more recent IPO listing cohorts, and Bates et
al. (2009) ﬁnd that ﬁrms that have recently gone public hold more cash. Additionally,
Bates et al. (2009) and Harford et al. (2008) present idiosyncratic risk, measured by cash
ﬂow volatility, as an important determinant that substantially impacts corporate cash
holdings. According to these authors, when ﬁrms have unhedgeable risks, they hold more
cash. Corroborating this perspective, Palazzo (2012) and Opler et al. (1999) show that
changes in cash holdings are positively related to ﬁrmlevel risk measured by cash ﬂow
volatility.
The inﬂuence of managerial ownership on cash holdings is debated in Nikolov and
Whited (2014) and Ozkan and Ozkan (2004). Using a dynamic model, Nikolov andWhited
(2014) estimate that when a manager retains a unit of cash today, the manager decreases
her utility of cash within the ﬁrm tomorrow. As manager utility of cash is scaled down
by the manager's ownership fraction, with a low level of ownership, the manager tends to
accumulate cash above the optimal cash holding.
Ozkan and Ozkan (2004) provide evidence of the existence of a nonmonotonic
relationship between managerial ownership and cash holdings from a sample of UK ﬁrms
for the period from 1984 to 1999. According to the authors, a nonmonotonic relationship
could be observed because cash holdings do not always increase, decrease, or remain
constant as insider ownership increases. Ozkan and Ozkan (2004) suggest that with lower
and higher levels of managerial ownership, by 24% and over 64%, respectively, the interests
of managers and shareholders are equalised resulting in lower cash retention. However,
when executives own between 24% and 64% of a ﬁrm's stakes, they tend to maintain
greater cash balances to pursue their own interest within ﬁrms.
The relation of managerial ownership and idiosyncratic risk is approached in Glover
and Levine (2014) and Panousi and Papanikolaou (2012). Glover and Levine (2014) dis-
cussed theoretically that components of stock and option compensation combined with
ﬁrm volatility may motivate managers to over or underinvest. Panousi and Papaniko-
laou (2012) show that a single standard deviation increase in idiosyncratic risk in ﬁrms
with poordiversiﬁed managers reduces investment by 8% of the existing capital stock
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compared to 2% for ﬁrms with a more diversiﬁed shareholder base.
Despite the interest in designing and testing the relationship among insider own-
ership, idiosyncratic risk, and investment in Glover and Levine (2014) and Panousi and
Papanikolaou (2012), there has been no empirical analysis on the eﬀects of the level of
insider ownership on cash holdings when idiosyncratic risk is considered. We argue that
managerial shareholdings facing unhedgeable risk induce a stronger, positive relationship
between idiosyncratic volatility and cash holdings. To our knowledge, this hypothesis has
not yet been explored by the ﬁnance literature.
Therefore, the contributions of our study are threefold. First, our ﬁndings extend the
growing literature on the determinants of corporate cash holdings by exploring the eﬀect
of idiosyncratic risk from the volatility of common stock returns on cash holdings rather
than from cash ﬂow volatility. Employing a diﬀerent proxy from Bates et al. (2009) may
reﬂect better variations on the asset fundamentals and ﬁrm future prospects and capture
the impact on ﬁrmlevel decisions (Bulan, 2005).
Second, we support additional arguments for both asset pricing and corporate ﬁ-
nance research by providing evidence that idiosyncratic risk can be a priced risk factor
explaining in part the variation in cash holdings and, consequently, the eﬀect on corporate
cash decisions (Fu, 2009; Goyal & Santa-Clara, 2003; Xu & Malkiel, 2003).
Lastly, we supplement the literature on ownership, corporate policies, and agency
theory by investigating the eﬀect of the extent of insider ownership on the relationship
between corporate cash holdings and idiosyncratic risk. Although the research regarding
ownership and cash holdings under agency perspective has been intensively explored (Al-
Najjar, 2015; Y. Liu et al., 2014; Ameer, 2012; Tong, 2010; Y. Liu, 2011; Core et al., 2006;
Jensen & Meckling, 1976), we found no papers that analysed empirically the relationship
among cash holdings, idiosyncratic risk, and the level of insider ownership. We address an
unexplored subject in the ﬁnance ﬁeld that may improve the understanding of whether
and how cash holdingidiosyncratic risk sensitivity can be associated with the level of
manager shareholding.
Following the theoretical insights of Nikolov and Whited (2014) and Panousi and
Papanikolaou (2012), we test whether and how the level of insider ownership inﬂuences
the relation between corporate cash holdings and idiosyncratic risk.
We develop a hypothesis based on previous theoretical and empirical literature that
shows embedded connections among cash holdings, idiosyncratic risk, and insider owner-
ship. Next, we present our baseline regression model to test our hypothesis. Using a large
and representative sample of US ﬁrms over a 23-year period (1992 to 2014), we analyse the
eﬀect of idiosyncratic risk on cash holdings. Then, following the insights in Nikolov and
Whited (2014), we test the eﬀect of insider ownership on cash holding decisions. Finally,
we investigate how the level of insider ownership inﬂuences the corporate cash holdings
and idiosyncratic risk relationship.
The remainder of the paper is organised as follows. Section 3.1 describes the related
literature and hypothesis development. Section 3.2 delineates the data and its imple-
mentation. Section 3.3 describes the empirical results, provides a discussion, examines
potential endogeneity concerns, and includes robustness checks of the regression outcomes.
Section 3.4 provides concluding remarks.
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3.1 Related literature and hypothesis development
This section surveys the related literature on cash holdings, idiosyncratic risk, and
insider ownership. First, some fundamentals, research, and deﬁnitions of idiosyncratic risk
are presented. Next, hypotheses based on the literature of cash holdings, idiosyncratic
risk, and insider ownership are developed.
3.1.1 Idiosyncratic risk: Deﬁnition, fundamentals, and related research
Idiosyncratic risk is deﬁned as risk that is unique to a speciﬁc ﬁrm, also called ﬁrm
speciﬁc risk (Fu, 2009). In frictionless capital markets, only systematic risk is relevant,
and idiosyncratic risk should not aﬀect the valuation of corporate decisions because it
cannot be a priced risk factor (Fama & French, 1993; Lintner, 1965; Sharpe, 1964).
Based on this approach, the Capital Asset Pricing Model (CAPM) considers only
market risk (Sharpe, 1964; Lintner, 1965) while the Fama-French threefactor model
(Fama & French, 1993) considers market, size, and growth risk (Fama & French, 1993).
Both models conﬁrm that if investors can diversify a stock's speciﬁc risk and adjust
returns with an accepted risk level, idiosyncratic risk should not be a concern (Fama
& French, 1993). However, following the principle of `no free lunch', studies in Merton
(1987), Malkiel and Xu (1997) and Campbell et al. (2001) show that it is diﬃcult to hold a
welldiversiﬁed portfolio and remove the inﬂuence of idiosyncratic risk from an investor's
portfolio without a high transaction or information cost.
Analysing the relationship between the extent of portfolio diversiﬁcation and the
reduction in the risk associated with portfolio returns, Evans and Archer (1968) observed
that the reduction risk eﬀect decreases rapidly as the number of stocks increases, reaching
the economic beneﬁts of diversiﬁcation when a portfolio contains 10 stocks. In Statman
(1987), however, a welldiversiﬁed portfolio must include at least 30 stocks for a borrowing
investor and/or 40 stocks for a lending investor. However, Campbell et al. (2001) show
that investors need almost 50 stocks to achieve relatively complete portfolio diversiﬁcation.
Focusing on the impact of residual eﬀects from a singleindex market model on
risk premiums, (Lehmann, 1990) employs corrections for measurement error in parameter
estimates ﬁnding signiﬁcant residual risk eﬀects from this market model.
Malkiel and Xu (1997) show a deﬁnite increase in volatility for individual stocks
over time, concluding that idiosyncratic volatility may not be irrelevant to asset pricing.
Using US stocks from the year 1963 to the year 1994, Malkiel and Xu (1997) note that
idiosyncratic risk, measured by the diﬀerence between the variance of returns for individ-
ual stocks and the volatility of the S&P index, has increased over this period while the
volatility of the whole market has remained stable. As a result, individual portfolios may
require an extra risk premium to carry extraordinary speciﬁc risk.
Mueller (2010) ﬁnd that owners in private companies demand higher compensation
for incurring higher idiosyncratic risk. Although higher ownership incentivises managerial
commitment, for an additional 10% in a ﬁrm's stake the manager requires an average
return increase of approximately 15.7% to bear additional risk.
Testing various multifactor models based on size, value, past performance, liquidity,
total volatility, and ICAPM speciﬁcation of the riskreturn relationship, Miﬀre, Brooks,
and Li (2013) show that the premium for taking idiosyncratic risk varies inversely with
the number of stocks included in the portfolio. Consequently, investors demand additional
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returns for the idiosyncratic risk of poorly diversiﬁed portfolios.
Idiosyncratic risk has also been extensively debated in the ﬁnance literature, par-
ticularly its inﬂuence on expected returns (A. Ang et al., 2009; Fu, 2009; A. Ang et al.,
2006; Bali et al., 2005; Wei & Zhang, 2005; Goyal & Santa-Clara, 2003; Xu & Malkiel,
2003; Campbell et al., 2001; Merton, 1987).
Merton (1987) argue that ﬁrms with greater commonfactor exposure, greater ﬁrm
speciﬁc variance, larger size, and relatively smaller investor bases tend to present higher
expected returns. Additionally, the author identiﬁes that the size of the ﬁrm relative
to the aggregate wealth of the investors in the ﬁrm is negatively associated with ﬁrm
speciﬁc variance, indicating that higher idiosyncratic-risk ﬁrms tend to have smaller and
concentrated investor bases.
A signiﬁcant and persistent increase on aggregate stock market volatility over time is
observed by Campbell et al. (2001). Employing a disaggregated approach to investigate
this upward trend, the authors split total volatility into three distinct measures, ﬁrm-
speciﬁc, market, and industry variances. According to the authors, from 1962 to 1997, ﬁrm
volatility increased from 65% to 76%, whereas market and industry volatilities decreased
from 20% to 14% and 15% to 10%, respectively. Campbell et al. (2001) ascribe this
positive trend in varying parts to the increase in the number of publicly traded companies,
changes in corporate governance, and the institutionalization of equity ownership. Brandt,
Brav, Graham, and Kumar (2009) further show that the increase in idiosyncratic risk from
1962 to 1997 and the subsequent reversal from 1997 to 2007 is concentrated among ﬁrms
with low stock prices and high retail ownership.
Goyal and Santa-Clara (2003) show that idiosyncratic risk, measured by the arith-
metic average of the monthly variance of each stock's returns, is positively signiﬁcant in
predicting market returns, whereas the variance of the market has no forecasting power
for the market return, even after running a bootstrap analysis and controlling for business
cycle ﬂuctuations. The authors further argue that idiosyncratic equity risk may proxy
for the volatility of nontraded assets, such as human capital and private businesses, and
aﬀect the risk aversion of investors towards traded assets.
Similarly, idiosyncratic risk cannot be completely hedged because of the presence of
transaction costs (Malkiel & Xu, 1997; Merton, 1987), low liquidity stocks (Merton, 1987),
or as a result of restrictions imposed on companies associated with insider trading (Leland,
1992). Therefore, because idiosyncratic risk should be a priced factor on portfolio returns,
and investors cannot be fully diversiﬁed for the reasons described above, the inﬂuence of
idiosyncratic risk on corporate policies become an important issue to be explored in the
ﬁnance ﬁeld.
Although welldocumented literature has brought evidence that idiosyncratic risk
matters for ﬁrm characteristics and corporate ﬁnance decisions, the eﬀect of idiosyncratic
risk on cash holdings has received less attention. To our knowledge, only Bates et al.
(2009) analyse and ascribe directly idiosyncratic risk (measured as cash ﬂow volatility) as
a determinant of corporate cash reserves. Additionally, no prior study explores whether
the relation between cash holdings and idiosyncratic risk is aﬀected by the level of insider
ownership. Thus, in the next section, we focus on examining all studies that embed ﬁrm
speciﬁc risk, corporate cash behaviour, and insider ownership to support the development
of the hypothesis in this paper.
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3.1.2 Idiosyncratic risk and cash holdings
Previous studies have already presented the relationship of idiosyncratic risk with
ﬁrm characteristics, such as stock returns (Nath & Brooks, 2015; Guo & Savickas, 2010;
A. Ang et al., 2009; Fu, 2009; A. Ang et al., 2006; Xu & Malkiel, 2003; Campbell et
al., 2001), leverage (Gerlach et al., 2015; Mishra et al., 2012), credit rating (Y.-M. Lin &
Shen, 2015; Abad & Robles, 2014), ﬁrm age (C.-W. Huang et al., 2014), CEO compensa-
tion (Balafas & Florackis, 2014), ﬁnancial reporting quality (Rajgopal & Venkatachalam,
2011), cash ﬂows (Babenko et al., 2015; D. Huang & Wang, 2009), diversiﬁcation (Casu
et al., 2015; Roussanov, 2010), human capital (Eiling, 2013), product market competi-
tion (Irvine & Pontiﬀ, 2008), corporate sustainability (Mishra et al., 2012; K.-W. Lee &
Lee, 2009), consumer voice (Luo, 2007), innovation (Mazzucato & Tancioni, 2008), stock
valuation (Pastor & Pietro, 2003), ownership (Xu & Malkiel, 2003), and investor base
(Chichernea et al., 2015).
Another signiﬁcant part of this literature explores the impact of ﬁrmspeciﬁc risk
on corporate decisions, such as investment (Panousi & Papanikolaou, 2012; Bulan, 2005;
Aizenman & Marion, 1999), corporate governance (Al-Najjar, 2015; Harford et al., 2008;
Ferreira & Laux, 2007), mergers and acquisitions (Zhu et al., 2014), and capital structure
(Mueller, 2008).
In Bates et al. (2009), idiosyncratic risk is a factor that positively aﬀects corporate
cash holdings. The authors show that ﬁrms in industries that face greater increases
in idiosyncratic risk, measured by the increase in cash ﬂow volatility, have higher cash
holdings than their counterparts. According to Bates et al. (2009), the average ﬁrms in
the highest volatility quintile experienced a cash balance shift from 12.9% in 1980 to 39%
in 2006.
G. Brown and Kapadia (2007) suggest that ﬁrms with persistently higher idiosyn-
cratic risk, measured by volatility of the fundamentals cash ﬂows, have been listed over
the last 40 years. The authors then ascribe the increase in idiosyncratic risk to the idea
that riskier companies that become publicly traded might reﬂect the increase in idiosyn-
cratic risk in the whole sample. Bates et al. (2009) also ﬁnds that IPO ﬁrms held more
cash balances over this period.
In an analysis of cashholding behaviour by American propertyliability insurers
from 1993 to 1995, Colquitt et al. (1999) ﬁnd that smaller insurers with restrained access
to external ﬁnancing, greater shortterm demand for cash, riskier cash ﬂows, and greater
future investment opportunities hold more cash to meet future needs in comparison to
larger insurers.
Han and Qiu (2007) estimate that higher cash ﬂow volatility among publicly traded
US ﬁrms during the period 1997 to 2002 has a positive impact on cash holdings and
a negative impact on current investments for ﬁnancially constrained ﬁrms but not for
unconstrained ﬁrms. Therefore, the authors suggest that the eﬀect of cash ﬂow volatility
on corporate investment and cash holdings reﬂect the ﬁrm's ﬁnancial constraints.
Palazzo (2012) models that ﬁrms with higher correlation between cash ﬂows and
aggregate risk are likely to have higher optimal cash holdings and use costly external
funds to ﬁnance their growth option exercises. According to the author, changes in a
ﬁrm's systematic risk positively aﬀect expected returns and are stronger for ﬁrms with
lower expected proﬁtability. Consequently, the riskier the ﬁrm, the higher the corporate
cash savings to protect against future cash ﬂow shortfalls.
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Bigelli and Sánchez-Vidal (2012) ﬁnd that cash holdings are signiﬁcantly positively
related to ﬁrms with higher risk (higher cash ﬂow volatility), smaller size, and lower
eﬀective tax rates from a sample of Italian private ﬁrms. In Hugonnier et al. (2014),
the corporate target for cash holdings is positively related to cash ﬂow volatility and
negatively related to tangibility and agency conﬂicts.
Using matching estimators and focusing on changes in corporate cash balances from
a sample of ﬁrms listed on the S&P 500 index, Brisker et al. (2013) document that inclusion
in the index substantially reduces the need for index ﬁrms to hold cash compared to their
matched peers. The results counter the increasing trend in Bates et al. (2009), which
ﬁnds that the downward tendency on cash holdings is directly attributed to the inclusion
of the index eﬀect.
Acharya et al. (2014) propose a theory of corporate liquidity to explain how cash
ﬂow, liquidity risk, credit lines, and cash holdings interact in the presence of future growth
opportunities. The model predicts that ﬁrms with greater cash ﬂow volatility are likely to
experience greater liquidity risk. If these ﬁrms have a low ability to raise external funds,
particularly because of their low pledgeable income, the ﬁrms might choose to retain cash
instead of using credit lines. Conversely, when ﬁrms have lower cash ﬂow variance, higher
pledgeable income, and greater future growth opportunities, they are likely to face lower
liquidity risk and, hence, they tend to use credit lines rather than cash holdings.
Developing a stylised continuoustime model in which ﬁrms address internal agency
costs and external ﬁnancing costs simultaneously, Décamps et al. (2011) show that the
marginal value of cash and the stock price are negatively correlated, whereas the marginal
value of cash and the volatility of the stock price are positively related.
Fresard (2011) suggests that corporate cash holdings are more sensitive to stock
prices as the ﬁrmspeciﬁc return variation increases. According to the author, the ﬁrm
speciﬁc return variation is not explained by market and industry movements, and the ﬁrm
return volatility provides new information that is not available to managers to investors.
Thus, the return variation may positively inﬂuence cashsaving decisions via stock market
learning.
Therefore, based on the argument that ﬁrmspeciﬁc volatility induces the precau-
tionary motive for ﬁrm cash holding, our ﬁrst hypothesis is the following:
H1: Corporate cash holdings are positively related to idiosyncratic risk.
3.1.3 Managerial ownership and cash holdings
Cash can be viewed as a ﬁnancing source for future projects and a form of investment
within a ﬁrm. As a ﬁnancing instrument, cash holdings can be used to undertake proﬁtable
investment opportunities (Ferreira & Vilela, 2004), to reduce the cost of accessing external
ﬁnancing (Almeida et al., 2004), to service debt during economic distress (Acharya et al.,
2007), and/or as a resource to be utilized during diﬃcult times (Campello et al., 2011,
2010). From an investment perspective, cash holdings are a less risky project although
they are considered negative NPV projects because they are subject to double taxation
(Nikolov & Whited, 2014; Opler et al., 1999) and produce less return than the required
cost of capital (Tong, 2010).
Because ﬁnancing and investment decisions are undertaken by managers, and cash
holding policy is also a matter of managerial discretion, cash balances provide uncon-
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ditional liquidity available to managers at any time (Arnold, 2014) opening up various
trading strategies and carrying a high transformation risk with agent misbehaviour (Myers
& Rajan, 1998). When managers do not act on behalf of shareholders, cash holdings can
be turned into a variety of resource diversions, such as outright stealing, excessive salaries,
perquisite consumption, and/or transfer pricing (La Porta et al., 2002) at a lower cost
than other assets and, thus, representing a source of enhancement to manager control
within ﬁrms (Baldenius, 2006; Myers & Rajan, 1998).
Colquitt et al. (1999) suggest that managerial discretion may produce an ambiguous
eﬀect on cash holdings. If managers are riskaverse, exceeding the optimal level of cash
would be appropriate to take advantage of investment opportunities. However, if managers
have selfinterest, holding excess cash provides discretionary power to target their own
objectives at the expense of shareholders. For instance, selfinterested managers in ﬁrms
with large free cash ﬂows might expropriate excess cash for their own wealth or spend it
on unnecessary expenses or valuedecreasing projects (Jensen, 1986).
Arnold (2014) investigates the impact of managerial cash used to fund current oper-
ations in bad times. Based on a selfpreservation approach, the author designs a dynamic
model whereby managers control cash ﬂows allowing them to hold higher levels of cash
holdings, defer default risk during economic distress, and preserve their incomes (their
ﬁxed salary) over an extended period at the expense of shareholders' interest.
As agency conﬂicts arise from the divergence of interests and risk preferences between
managers and shareholders, compensation and governance mechanisms are proposed to
mitigate potential insiders' ability to convert cash into private beneﬁts and reduce the
costs and stockpiles of cash holdings (Jensen & Meckling, 1976).
Exploring the determinants and consequences of excess cash holdings (endowments)
by not-for-proﬁt organizations from the year 1992 to the year 2001 Core et al. (2006) ﬁnds
that not-for-proﬁt ﬁrms maintain higher endowments associated with higher managerial
compensation over time.
Y. Liu et al. (2014) identify that the impact of CEO debt compensation on cash
holdings diﬀers from the inﬂuence of CEO equity incentives on cash reserves. Using
ExecuComp and Compustat data from the year 2006 to 2011, the authors ﬁnd that CEO
wealth, represented by inside debt, is positively related to cash holdings and that an
increase of a single standard deviation in internal debt boosts cash reserves by 3.7 to
6.2%. This suggests that inside debt promotes greater risk aversion, leading to higher
cash holdings by ﬁrms as a signal of alignment between the interests of managers and
bondholders.
Y. Liu (2011) show that greater equity incentives, measured by the sensitivity of
equity compensation to stock price volatility, are associated with higher corporate cash
holdings. By matching compensation and ﬁnancial data from ExecuComp and Compustat
over the period 1992 to 2006, the authors ﬁnd that CEO compensation has a negative
eﬀect on the value of cash, while compensation incentives positively inﬂuence cash holdings
in ﬁrms facing ﬁnancial constraints.
Governance factors, such as investor protection and insider and institutional own-
ership, also aﬀect corporate cash holding behaviour. Pinkowitz et al. (2006) ﬁnd that
the value of cash holdings for minority shareholders in countries with higher investor pro-
tection is more worthwhile than for similar groups in countries with weaker governance.
However, Pinkowitz et al. (2006) detect a weak relationship between cash holdings and
ﬁrm value in countries with lower investor protection compared to countries with stronger
68
investment protection. In Kalcheva and Lins (2007), controlling managers tend to hold
more cash and provide higher payouts in situations with weaker countrylevel external
shareholder protection.
Yung and Nafar (2014), Ferreira and Vilela (2004), and Dittmar et al. (2003) provide
empirical evidence that higher investor protection, better law enforcement, and more
concentrated ownership are negatively related to the level of cash held by ﬁrms worldwide.
The results presented by Jain et al. (2013) suggest that stronger internal corpo-
rate governance mechanisms, such as founder CEO governance, separation of CEO and
Chairman positions, board domination by external directors, and greater institutional
ownership, are positively associated with higher postIPO cash holdings, particularly in
competitive product markets.
Kusnadi (2011) shows that ﬁrms in countries with weaker legal investor protection
reserve more cash than their peers in a sample of companies from 39 countries over the
period 1995 to 2004. However, the authors do not ﬁnd evidence that greater development
of the ﬁnancial system inﬂuences cashholding behaviour by ﬁrms after controlling for
legal investor protection. These ﬁndings imply that the investor environment has a ﬁrst
order eﬀect in inﬂuencing international corporate policies on cash management.
An analysis of cashholdings in developing countries Al-Najjar (2013) ﬁnds that
distinct institutional frameworks may diﬀer in their inﬂuence on cashholding behaviour.
In this context, ﬁrms in weaker capital markets with lower investor protection systems
have higher cash holdings.
Using a sample of public and private US ﬁrms during the period 1995 to 2011,
H. Gao et al. (2013) show that wellgoverned public ﬁrms with excess cash are likely to
have lower leverage levels of cash disgorgement to pay external debt. By contrast, poorly
governed public ﬁrms with higher cash holdings spend their excess cash on investing and
acquiring diﬀerent assets.
Among ﬁnancial incentives, La Porta et al. (2002) and Jensen and Meckling (1976)
consider insider ownership as an important way to control agency problems. Moreover,
Jensen and Meckling (1976) suggests that managerial ownership impacts the cost and
stockpiles of corporate cash holdings by limiting potential agency conﬂicts. Thus, low
insider ownership is noted as a key determinant in an upward cash holding trend, particu-
larly in US ﬁrms (Nikolov & Whited, 2014). To align shareholders and manager's interest,
insider ownership should be increased to mitigate potential manager misbehaviour related
to corporate cash holding decisions (Nikolov & Whited, 2014; Harford et al., 2008).
Focusing on UK ﬁrms from the year 1984 to 1999, Ozkan and Ozkan (2004) provides
evidence of the existence of a nonmonotonic relationship between managerial ownership
and cash holdings. According to the authors, corporate cash holdings ﬁrst decrease as
managerial ownership increases up to 24%, increase as managerial ownership increases
to 64%, and then decrease again as managerial ownership increases further. Ozkan and
Ozkan (2004) suggests that at lower levels of managerial ownership (24%), the interests
of managers and shareholders are equalised, move from alignment to entrenchment (24 to
64%), and adjust again as managerial ownership further increases (>64%).
Analysing a sample of US ﬁrms from the year 1993 to the year 2004, Harford et al.
(2008) pinpoints that ﬁrms with a high level of insider ownership and strong shareholder
rights maintain higher cash holdings while ﬁrms with low levels of insider ownership and
weaker shareholder rights have lower cash holdings.
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Y. R. Chen (2008) studies the impact of corporate governance on cash holding
decisions in ﬁrms with diﬀerent growth opportunities, referred to as listed new economy
and old economy companies. According to the author, listed new economy companies
pertain to the computer, software, Internet, telecommunications, or networking industries
that rely heavily on innovations and require large amounts of capital to ensure potential
high returns. The term "old economy" refers to the traditional manufacturing industries
in which cash ﬂow volatility is lower and investment opportunities are relatively limited.
Using a sample of 1,500 US ﬁrms from Compustat and the Governance Research
Service of Risk Metrics Group from the year 2000 to 2004, Y. R. Chen (2008) shows that
new economy companies tend to hold more cash and present greater board independence
than old economy ﬁrms. The ﬁndings also show that CEO ownership has a signiﬁcant
and negative impact on cash holdings in old economy ﬁrms but no eﬀect on listed new
economy ﬁrms.
Ameer (2012) ﬁnds distinct results on the relationship between cash holdings and
ﬁrm value when considering the corporate ownership structure in a nonﬁnancial sample
of listed Australian ﬁrms from the year 1995 to 2005. According to the author, widely held
(lower ownership concentration) ﬁrms show a positive relation between cash holdings and
ﬁrm value, whereas closely held (higher ownership concentration) ﬁrms display a negative
relation between cash balances and ﬁrm value.
Al-Najjar (2015) aﬃrms that governance mechanisms and insider ownership do not
aﬀect corporate cashholding decisions in an analysis of small and mediumsized UK
ﬁrms. Rather, these factors are weakly related to cash holdings, while size and leverage
are negatively associated with cash retention by small and mediumsized ﬁrms.
Following the intuition in Nikolov and Whited (2014), Y. R. Chen (2008), and Ozkan
and Ozkan (2004) that insider ownership may act as a monitoring tool within ﬁrms, we
presume that
H2: Corporate cash holdings are negatively related to insider ownership.
3.1.4 Idiosyncratic risk, managerial ownership and cash holdings
The premise of agency theory is that contracts reﬂect the costs and beneﬁts of in-
ducing appropriate behaviour from agents (Prendergast, 2000; Jensen & Meckling, 1976).
Then, providing compensation arrangements to the executives should align manager and
shareholder preferences in terms of risk. However, if the manager invests eﬀort in a single
ﬁrm, and a signiﬁcant proportion of her personal wealth is linked to compensation pack-
ages based on equity shares (Eiling, 2013; Tong, 2010; Zajac & Westphal, 1994; Beatty &
Zajac, 1994), the manager will be exposed to idiosyncratic risk (Panousi & Papanikolaou,
2012; Tong, 2010). While outside shareholders only bear systematic risk, the manager
assumes both systematic and idiosyncratic risks (Tong, 2010).
When uncertainty about the ﬁrm's future prospects increases, the ﬁrm's exposure
to ﬁrmspeciﬁc risk becomes a fundamental determinant of its liquidity choices (Acharya
et al., 2013), and riskaverse managers may detain more liquid assets to minimise ﬁrm
risk instead of undertaking investment opportunities or increasing ﬁrm value, consistent
with the riskrelated agency hypothesis (Arnold, 2014; Tong, 2010).
Beatty and Zajac (1994) suggest that managers' willingness to accept a higher risk
level varies across ﬁrms and is associated with ﬁrm and manager characteristics. Accord-
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ing to the authors, riskier ﬁrms are less likely to include stock options in their executive
compensation contracts, and the higher the level of ﬁrm risk, the lower the level of man-
agerial stock ownership.
Addressing the tradeoﬀ between risk and incentives, Prendergast (2002) notes that
a positive relationship between uncertainty and the marginal return of agent actions
explains the payment for performance in rapidly changing industries, such as the high
tech sector, than in more stable settings that employ inputbased contracts.
Examining the impact of ambiguity measured by two macroeconomic variables (the
dispersion in the Survey of Profession Forecasters and the variance premium from the
diﬀerence between the strike price and the expected payoﬀ of a variance swap) on man-
agerial investment and cash holding decisions, Neamtiu et al. (2014) show that macroeco-
nomic ambiguity is positively related to cash holding ratios and negatively associated with
investment levels. These ﬁndings suggest that ambiguityriskaverse managers tend to
shift resources from risky to riskless assets, investing less in capital expenditure and more
in cash holdings as ambiguity expectations regarding future investment payoﬀs arise.
In Tong (2010), riskaverse managers tend to hold more cash as a strategy to reduce
ﬁrm risk. The author ﬁnds that ﬁrms with higher CEO risk incentives, measured by the
sensitivity of the value of a CEO's stock options to stock return volatility, have a higher
value of cash holdings and hold less cash than ﬁrms with lower CEO risk incentives.
Glover and Levine (2014) show that components of stock and option compensation
combined with ﬁrm volatility produce a distortion between manager and shareholder
optimal policies providing incentives to over or underinvest. In Glover and Levine (2014)'s
model, as the ﬁrm's volatility increases, managers who are compensated with equity have
less incentive to invest in risky assets and tend to select conservative cash holding policies
under ﬁrmspeciﬁc shocks compared to a diversiﬁed shareholder.
Therefore, if managers cannot diversify their own portfolio when exposed to un-
hedgeable ﬁrmspeciﬁc risk, we hypothesise that
H3: The positive relationship between cash holdings and idiosyncratic risk is stronger
when managers own a greater percentage of the ﬁrm.
3.2 Empirical design and data implementation
The main goal of this article is to analyse the eﬀects of the level of insider ownership
on corporate cash holdingidiosyncratic risk sensitivity. Thus, a dataset is required that
includes ﬁrmlevel observations on risk, cash holdings, insider ownership, ﬁrm character-
istics, and governance mechanisms to empirically test our hypothesis. We construct our
baseline measures using US data from several sources.
We use all nonﬁnancial US companies that are publicly traded during the period
1992 to 2014. We exclude prior periods because ExecuComp database availability begins
in the year 1992. Annual balance sheet data are from the Compustat database, and daily
data on stock ﬁles are from the Center Research in Securities Prices (CRSP). We consider
only ordinary common shares (share codes 10 and 11 in CRSP). Stock ownership, stock
option holdings, and compensation data are collected from ExecuComp. Institutional
ownership data are from the Thomson Financial Institutional (13f) Holdings database of
ﬁlings derived from forms 3, 4, and 5.
We exclude utility companies (Standard Industrial Classiﬁcation Code (SIC) codes
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between 4900 and 4949) and ﬁnancial companies (SIC codes between 6000 and 6999) from
the dataset because these sectors are subject to heavy regulation. For instance, ﬁnancial
ﬁrms may carry cash to meet capital requirements rather than for economic reasons, and
utility companies are subject to regulatory supervision in their cash holdings (Bates et
al., 2009).
We also drop ﬁrmyear observations with SIC missing codes, with missing values
for all variables, and with negative values for stock prices, capital expenditure, assets,
and sales revenue. Following Panousi and Papanikolaou (2012), ﬁrms with fewer than
40 weekly observations in a particular year are also excluded. First, we match the ﬁrms
in Compustat with ﬁrms in CRSP, ExecuComp, and Thomson Financial Database that
have the same value for the security identiﬁer GVKEY, CUSIP, or PERMNO.
We winsorise our data by year at 0.5% and 99.5% levels in all speciﬁcations to
eliminate the eﬀect of outliers. After the screaming procedures, we obtain a ﬁnal sample
of 11,988 ﬁrms with 96,886 ﬁrmyear observations. These data include surviving and
nonsurviving ﬁrms that appear on databases at any time in the sample period.
3.2.1 Cash holdings
We follow the cash holding literature using the ratio of cash and marketable securi-
ties (cash and equivalents) to net assets as the measure of corporate cash holdings, (for
example, Y. Chen et al., 2015; Feng & Johansson, 2014; Schauten et al., 2013; Wu et
al., 2012; Y. Liu, 2011; Tong, 2010; Bates et al., 2009; Dittmar et al., 2003; Opler et al.,
1999). Netting out cash from total assets allows us to capture the real eﬀect of assets in
place.
We further test alternative deﬁnitions of cash holding to check the robustness of our
results. As a ﬁrst alternative, we use the cashtototal assets ratio, as in C. Kim and
Bettis (2014) and Qiu and Wan (2014). As a second alternative, we employ the cash and
marketable securities to sales, as suggested in Harford et al. (2008). As a third and last
alternative, we use change in cash, as in Almeida et al. (2004).
3.2.2 Idiosyncratic risk
Obtaining a general measure of idiosyncratic risk is complex because ﬁrmspeciﬁc
risk is an unobservable variable. When ﬁrmspeciﬁc risk is associated with the variance in
the business condition, the literature uses cash ﬂow volatility as a proxy for idiosyncratic
risk (Hugonnier et al., 2014; Brisker et al., 2013; Bigelli & Sánchez-Vidal, 2012; Bates et
al., 2009; Harford et al., 2008; Han & Qiu, 2007; Colquitt et al., 1999).
However, when it is associated with the changing aspects of a ﬁrm's environment
that are important to investors and managers, the proxy is the volatility of a ﬁrm's stock
returns (Bulan, 2005; Panousi & Papanikolaou, 2012). Because volatility of a ﬁrm's
stock returns is estimated relative to the systematic returns of the stock, it is model
dependent (Xu & Malkiel, 2003) and, by deﬁnition, the idiosyncratic volatility of the
stock is independent of the comovement of the market (Fu, 2009).
Bulan (2005) also highlight that idiosyncratic risk measured as volatility from com-
mon stock returns should reﬂect variations on asset fundamentals and the ﬁrm's future
prospects and provide an adequate measure of the total uncertainty that is relevant for
ﬁrm-level decisions.
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Xu and Malkiel (2003) present two methods that the literature has used to measure
idiosyncratic risk as the residuals from a regression model. The indirect method employed
by Campbell et al. (2001), Goyal and Santa-Clara (2003), Wei and Zhang (2005), and Bali
et al. (2005) uses the market model under the assumption that the betas of all securities are
one and estimate idiosyncratic risk as the diﬀerence between stock and market variance.
The direct method used in Xu and Malkiel (2003) assesses idiosyncratic volatility using
residuals from a factor model such as the FamaFrench threefactor model (Fama &
French, 1993).
In Panousi and Papanikolaou (2012) and Bulan (2005), idiosyncratic risk is mea-
sured by decomposing total risk into market, industry, and ﬁrmspeciﬁc components by
estimating a twoindex model. Bulan (2005) employ the volatility of the ﬁrm's equity
returns from the annualised standard deviation of the ﬁrm's daily returns in that ﬁscal
year.
Panousi and Papanikolaou (2012) use the volatility of the residuals across weekly
observations determined by regressing the ﬁrm's return on the valueweighted market
portfolio and on the corresponding valueweighted industry portfolio based on Fama
and French (1997)'s 30industry classiﬁcation. According to Panousi and Papanikolaou
(2012), assessing idiosyncratic risk in this way assures higher frequency data to estimate
idiosyncratic volatility, avoid noisy and changing nonfundamentals produced by daily
returns, and removes systematic risk factors that managers can insure against.
Although these deﬁnitions diﬀer from each other, idiosyncratic volatility represents a
component that cannot be diversiﬁed. In this paper, we follow Panousi and Papanikolaou
(2012) and use idiosyncratic risk obtained from the annualised standard deviation of the
ﬁrm's weekly stock return by regressing the ﬁrm's return on the valueweighted market
portfolio return and on the corresponding valueweighted industry portfolio return.
We estimate a ﬁrm's idiosyncratic risk from the log volatility of the regression residu-
als determined by regressing the ﬁrm's return Ri,τ on the value-weighted market portfolio,
RMKT , and on the corresponding value-weighted industry portfolio, RIND, based on the
Fama and French (1997) 30industry classiﬁcation, as in Equation 3.1:
Ri,τ = α1,i + α2,iFi,τ + εi,τ , (3.1)
where τ indexes weeks and Fi,τ = [RMKT ,RIND]. Each variable from this model is mea-
sured according to the following steps. First, we determine a ﬁrm's returns (Ri,τ ) from
CRSP weekly stock data from the year 1992 to the year 2014. The typical measure of a
stock's return is calculated as the per cent change in its share price (CRSP code: PRC)
over a given period. Because all price data on CRSP database are unadjusted, we use a
cumulative factor (CRSP code: CFACPR) to adjust the price variable after a distribution,
dividing the price by the factor.
We then compute the return as the natural logarithm of adjusted share price at the
end of the current Wednesday minus the natural logarithm of adjusted share price at the
end of the last Wednesday, as in (Hou & Moskowitz, 2005). We consider weekly returns
between adjacent Wednesdays following Chordia and Swaminathan (2000) and Hou and
Moskowitz (2005) that document high autocorrelations using Friday to Friday prices and
low autocorrelations using Tuesday to Tuesday prices. According to them, Wednesday
close price is an appropriate compromise because it is not at extreme than other weekdays
and should not be biased by nontrading issues. In sum, we construct weekly returns for
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ﬁrms as in Equation 3.2:
Ri,τ = ln(PRCadj)τ − ln(PRCadj)τ−1 (3.2)
We employ weekly returns as a balance between the need to use higher frequency
data to estimate idiosyncratic volatility, generate more estimation error, and avoid mi-
crostructure noise (price discreteness, nonsynchronous trading, bidask bounces and
stale prices) that is likely to be present in daily returns (Panousi & Papanikolaou, 2012;
G. Brown & Kapadia, 2007; Bulan, 2005).
Next, we follow the methodology used in CRSP (2015) to calculate the value
weighted market portfolio return (RMKT ) as the sum of the percentage of the total market
capitalization that each ﬁrm contributes to their portfolio in a given week divided by the
total market capitalization of all ﬁrms in each portfolio each week multiplied by each
ﬁrm's weekly return.
Market capitalization is deﬁned as price times number of shares outstanding (CRSP
code: SHROUT) at the end of the previous Wednesday. In this paper, the weights of
individual stocks in a value weighted market portfolio are proportional to their market
capitalization considering only common shares. We consider the weights as constant
within week determined at the end of the previous Wednesday. We determine weekly





PRCτ−1 ∗ SHROUTτ−1 ∗ Ri,τ . (3.3)
We further assess the valueweighted industry portfolio return based on the Fama
French 30industry classiﬁcation methodology available in French (2015) that assigns each
NYSE, AMEX, and NASDAQ stock i to an industry portfolio return j in the period t
based on its fourdigit SIC code at that time.
Finally, we determine the idiosyncratic risk as the log volatility of the regression





We also examine the robustness of our results to alternative deﬁnitions of the volatil-
ity measure, such as the volatility of the residuals from a market model regression of a
ﬁrm's returns on the market portfolio, σrmktt and the volatility of the residuals from a
regression of ﬁrm returns on the Fama and French (1993) threefactors model, σrff3t .
3.2.3 Insider ownership
Investigating how the level of insider ownership aﬀects corporate cash holdings when
idiosyncratic risk is considered requires an analysis of ﬁrms with diﬀerent degrees of insider
ownership. Following Panousi and Papanikolaou (2012), we consider managers as the
highestranking ﬁrm oﬃcers, and managerial ownership is deﬁned as the fraction of the
ﬁrm's total shares held by these managers in each year. We then sort ﬁrms into quintiles
based on the fraction of shares outstanding owned by these oﬃcers. The bottom quintile
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of managerial ownership was considered low ownership and the top quintile was considered
high ownership.
We collect managerial ownership data from Execucomp and Thomson Financial
Institutional (13f) Holdings database of ﬁlings derived from forms 3, 4 and 5 over the
period from 1992 to 2014 including insiders pertained to the following role classiﬁcations:
O, OD, OE, OB, OP, OS, OT, OX, CEO, CFO, CI, CO, CT, H, GM, M, MD, P, EVP,
VP, and SVP. All categories are described in Table 3.1.
Table 3.1: Role codes and description according to Thomson Reuters database.
Code Description
O Oﬃcer.
OD Oﬃcer and director.
OE Other Executive.
OB Oﬃcer and Beneﬁcial Owner of more than 10% of a Class of Security.
OP Oﬃcer of Parent Company.
OS Oﬃcer of Subsidiary Company.
OT Oﬃcer and Treasurer.
OX Divisional Oﬃcer.
CEO Chief Executive Oﬃcer.
CFO Chief Financial Oﬃcer.
CI Chief Investment Oﬃcer.
CO Chief Operating Oﬃcer.
CT Chief Technology Oﬃcer.





EVP Executive Vice President.
VP Vice President.
SVP Senior Vice President.
We also investigate whether considering option compensation schemes with insider
ownership could alter the outcomes. To this purpose, we sum the number of common
shares and the number of unexercised exercisable options owned by oﬃcers divided by the
ﬁrm's shares outstanding, as in Nikolov and Whited (2014).
3.2.4 Control variables
We control for variables that could jointly aﬀect cash holdings, idiosyncratic volatil-
ity, and insider ownership to address biases because of omitted variables. In papers focus-
ing on cash holdings and idiosyncratic risk, it is standard to control for ﬁrm characteristics
such as size, cash ﬂow, net working capital, growth opportunities, cash ﬂow volatility, and
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stock returns and for corporate policy decisions such as capital expenditures, acquisitions,
leverage, dividend, and research and development (R&D).
We also consider the potential inﬂuence of industry volatility, systematic volatility,
cash compensation, and institutional ownership to control the correlation of these variables
with cash holdings and insider ownership.
We control for ﬁrm size because smaller ﬁrms tend to be riskier (more volatile),
grow faster, and hold twice as much cash as large ﬁrms (Nikolov & Whited, 2014; Bigelli
& Sánchez-Vidal, 2012; Panousi & Papanikolaou, 2012; Colquitt et al., 1999). In Malkiel
and Xu (1997), the larger the size of the company, the smaller the stock's idiosyncratic
volatility. Our measure of size is the logarithm of total assets in 1992 dollars and adjusted
for inﬂation using the consumer price index (CPI), as in Opler et al. (1999). We expect
ﬁrm size to be negatively associated with cash holdings.
Riddick and Whited (2009) ﬁnd that corporate cash holdings and cash ﬂows are neg-
atively correlated after controlling for Tobin's Q measurement errors. However, Ferreira
and Vilela (2004) and Opler et al. (1999) posit that cash ﬂow is positively related to
cash holdings because ﬁrms with high cash ﬂow levels accumulate cash to ﬁnance future
investment opportunities. We measure cash ﬂow as the ratio of earnings after interest,
dividend, and taxes but before depreciation scaled by total assets (Harford et al., 2008;
Ferreira & Vilela, 2004; Opler et al., 1999). Given these mixed ﬁndings, we control for
cash ﬂows but do not have an expected sign for this variable.
Net working capital as a proxy of ﬁrm's liquidity captures additional liquid assets
held by the ﬁrm that can act as a complement or substitute for cash holdings (Dittmar
et al., 2003). We compute net working capital as current assets net of cash minus current
liabilities divided by net assets, as in Harford et al. (2008).
Growing ﬁrms may hold cash to minimise the probability of ﬁnancial distress, and
higher cash holdings aﬀord growing ﬁrms the opportunity to undertake future investments
(Al-Najjar, 2015; Ozkan & Ozkan, 2004). Moreover, Dittmar et al. (2003) suggest that
ﬁrms facing large investment opportunities prefer to hold more cash. Expecting a posi-
tive relationship between investment opportunities and cash holdings, we control growth
opportunities using the markettobook ratio measured by the ratio of common shares
outstanding times the price close in the year plus the book debt divided by net total as-
sets (book value of assets minus cash and marketable securities), as in Ozkan and Ozkan
(2004) and Dittmar et al. (2003).
Cash ﬂow volatility may inﬂuence both corporate cash behaviour and idiosyncratic
risk. Firms with higher cash ﬂow volatility maintain higher cash balance levels as a buﬀer
to protect against cash ﬂow shocks (Francis et al., 2014; Bates et al., 2009), whereas
higher cash ﬂow volatility might induce an increase in expected equity returns (Palazzo,
2012). We expect a positive correlation between cash holdings and cash ﬂow volatility.
In Bates et al. (2009), ﬁrms in industries that face greater idiosyncratic risk hold
more cash than ﬁrms in industries that experience lower idiosyncratic volatility. Campbell
et al. (2001) and Brandt et al. (2009) also ascribe that industry volatility positively aﬀects
idiosyncratic risk. Thus, we expect a positive correlation between cash holdings and
industry volatility. We measure industry volatility as the standard deviation of sales to
net assets, as in Bates et al. (2009).
Acharya et al. (2013) suggest that ﬁrms more exposed to systematic risks hold more
cash and Panousi and Papanikolaou (2012) also address that idiosyncratic risk is correlated
positively with systematic volatility. To control a potential positive eﬀect of systematic
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volatility on cash holdings and idiosyncratic risk we include it as an additional regressor in
our model. Following Panousi and Papanikolaou (2012), we measure systematic volatility




(σtotali,τ−1)2 − (σidiosyi,τ−1 )2. (3.5)
Capital expenditures are also considered a determinant of cash holdings (Kuan et
al., 2011; Tong, 2010; Dittmar et al., 2003). Capital expenditure can be employed as
collateral to increase borrowing capacity inﬂuencing ﬁrms that hold less cash (Bates et
al., 2009), or capital expenditure generally consumes cash decreasing the availability of
cash within ﬁrms (Francis et al., 2014). Considering both possibilities, we expect a neg-
ative relationship between cash holdings and capital expenditures. We consider capital
expenditures scaled by total assets, as in Bates et al. (2009) and Francis et al. (2014).
Firm leverage is controlled because equity volatility increases with leverage (Panousi
& Papanikolaou, 2012), and highly leveraged ﬁrms might hold more cash to prevent future
ﬁnancial constraints (Acharya et al., 2007). However, a ﬁrm can use cash to reduce its
debt (Francis et al., 2014). Given these mixed ﬁndings, we do not establish a predictable
sign for this variable to cash holdings. We measure leverage as the ratio of total debt to
total assets (Al-Najjar, 2015; Acharya et al., 2007; Ozkan & Ozkan, 2004).
Mazzucato and Tancioni (2008) and Y. R. Chen (2008) note that R&D intensive
ﬁrms are characterised by higher idiosyncratic risk because of uncertainty in expected
future proﬁts produced by innovations at the ﬁrmlevel. Moreover, R&Dintensive ﬁrms
also tend to maintain large cash reserves for future investment demands (Y. R. Chen &
Chuang, 2009). Because idiosyncratic volatility and cash holdings are aﬀected by R&D,
we include this variable in our model considering the ratio of R&D divided by sales as in
Harford et al. (2008). If R&D expenditure information is missing, we set the number to
zero.
In Harford et al. (2008) and Bates et al. (2009), acquisition activity indicates the
propensity of managers to increase the size of their ﬁrms. According to the authors,
higher acquisition activity is expected with a lower level of cash holdings. Therefore,
we control the eﬀect of acquisitions on cash balances expecting a negative relationship
between these two variables. Acquisition is deﬁned as acquisition to book assets minus
cash and marketable securities, as in Bates et al. (2009) and Harford et al. (2008).
We additionally control for stock returns to ensure the eﬀect of volatility on cash
holdings rather than a mean eﬀect from news about future proﬁtability (Panousi & Pa-
panikolaou, 2012).
Agency theory also emphasises dividend payout as a strategy to prevent managers
from wasting cash ﬂows and building empires using cash holdings (Jensen, 1986; B. S. Lee
& Suh, 2011). Harford et al. (2008) aﬃrm that cash holdings and dividend payments are
negatively related implying that ﬁrms that pay dividends hold less cash than those that
do not distribute dividends. Cash dividendpaying ﬁrms are considered less risky and
have greater access to external capital, mitigating their precautionary motive to hold
cash (Francis et al., 2014).
As the literature has presented mixed results from the relationship between dividend
payments and corporate cash holdings, we do not have an expected sign on this variable.
To capture the potential eﬀect of the ﬁrm's dividend policy on cash holdings, we include
the dividend payout considering a dividend dummy that takes a value of one if a ﬁrm
pays a dividend and zero otherwise (Francis et al., 2014; Bates et al., 2009; Harford et
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al., 2008; Opler et al., 1999).
W. R. Guay (1999) argues that CEOs with higher levels of cash compensation are
less risk averse because they can invest more money outside their ﬁrms. To control this
eﬀect in our model, we use the sum of the CEO's salary and bonus as the measure of cash
compensation.
Denis and Sibilkov (2010) point out that constrained ﬁrms hold more cash for pre-
cautionary savings and Almeida et al. (2004) show that constrained ﬁrms hold a consid-
erable portion of cash during downturns. As ﬁnancial constraints may aﬀect corporate
cash holdings we control it employing the Whited and Wu Index (Whited & Wu, 2006)
that outperforms other index such as the Kaplan and Zingales index (Kaplan & Zingales,
1997) in identifying ﬁnancially constrained ﬁrms. We computed the WWindex following
Whited and Wu (2006) as in Equation 3.6:
WWi,τ = −0.091CFi,τ − 0.062DIVPOSi,τ + 0.021TLTDi,τ − 0.044LNTAi,τ
−0.035SGi,τ + 0.102ISGi,τ .
(3.6)
where for ﬁrm i in year τ , CFi,τ is the ratio of cash ﬂow to total assets minus cash and
marketable securities, DIVPOSi,τ is an indicator that equals one if the ﬁrms pays dividend
and zero otherwise, TLTDi,τ is the ratio of long-term debt to total assets minus cash and
marketable securities, LNTAi,τ is the natural log of total assets, SGi,τ is sales growth
computed as Salesτ/Salesτ−1, and ISGi,τ is the ﬁrm's three-digit industry sales growth.
As showned by Whited and Wu (2006), higher WW index values indicate greater ﬁnancial
constraints.
Panousi and Papanikolaou (2012) aﬃrm that large institutional investors, such as
pension funds and mutual funds, often provide an oversight of sorts for managers of ﬁrms
in which they have invested. The authors show that the increase in idiosyncratic risk
within ﬁrms with higher institutional ownership, regardless of the level of managerial
ownership, leads to less of a reduction in investment (only 2% as opposed to 8% without
controlling for the inﬂuence of institutional ownership).
Nikolov and Whited (2014) also ﬁnd that higher institutional ownership indicates
better governance because institutional investors are more likely to be activist sharehold-
ers. Therefore, we control for institutional investors based on the level of institutional
ownership of the ﬁrm's outstanding shares.
We summarize the deﬁnitions, data sources, predicted signals, and references for all
variables employed in this paper in Table 3.2.
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Table 3.2: Variable name, database source, deﬁnition, predicted signal, and references.
Variable Source Deﬁnition Sig Reference
Cash Holdings. Compustat
Cash and cash equivalents (CHE) / As-
sets total (AT).
Bates et al. (2009);




Cash and cash equivalents (CHE) / As-
sets total (AT) minus CHE.
Bates et al. (2009);
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times price close annual ﬁscal year
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Firm's standard deviation of the cash-
ﬂow ratio for the past 10 years.




Mean of the standard deviations of
ﬁrm's cashﬂow over 10 years for ﬁrms
in the same industry, as deﬁned by
three-digit SIC codes.
+ Bates et al. (2009).
Acquisition. Compustat






Capital expenditures (CAPX) / Assets
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ﬁrm i paid cash dividends in year t.

















R&D. Compustat R&D (XRD) / Sales (SALE). +





Compustat CHE Net working capital (NWC)  Bates et al. (2009).
WW Index. Compustat
WWi,t =  0.091*CFi,t 
0.062*DIVPOSi,t + 0.021*TLTDi,t









To test the ﬁrst and second study hypotheses, we follow Bates et al. (2009) and
Harford et al. (2008) using Ordinary Least Squares (OLS) regressions. To satisfy the
OLS assumptions concerning the presence of heteroscedasticity and autocorrelation in the
model, we apply the BreuschPagan test and DurbinWatson statistic. If heteroscedastic-
ity or/and autocorrelation are present in the model, they could aﬀect the standard errors
and might bias the regression coeﬃcients (Wooldridge, 2010).
Our OLS estimates reject the nullhypothesis of no heteroscedasticity and no auto-
correlation. Therefore, we employ robust standard errors clustered at the ﬁrm level and,
depending on the model speciﬁcation, we include ﬁrm dummies to control ﬁrm eﬀects,
time dummies for time eﬀects, and industry dummies to mitigate industry eﬀects, as in
Panousi and Papanikolaou (2012).
Our baseline econometric models are in line with the literature (e.g., Bates et al.,
2009; Harford et al., 2008) and are deﬁned as in Equation 3.7 and 3.8:
Cashholdingi,t = α + β1logσi,t−1 + γ1Zi,t + ηi + %t + υi,t. (3.7)
Cashholdingi,t = α + β1InsOwni,t−1 + γ1Zi,t + ηi + %t + υi,t. (3.8)
Where logσi,t−1 is the proxy for idiosyncratic risk and InsOwni,t−1 is insider ownership
and ηi and %t capture the ﬁrm, time or timeindustry ﬁxed eﬀects, and υi,t is the error
term.
The vector Zi,t includes control variables known to correlate with cash holding de-
cisions as well idiosyncratic risk and insider ownership for ﬁrm i at time t. Following
studies presented previously, Zi,t encloses size, cashﬂow, net working capital, growth op-
portunities, cashﬂow volatility, stock returns, capital expenditures, leverage, dividend,
research and development, acquisitions, industry volatility, and WW index. When insider
ownership is considered in the model speciﬁcation we also control to cash compensation,
options compensation, and institutional ownership.
We include lagged cash holdings for all speciﬁcations to mitigate potential endo-
geneity problems and adjustment delay of cash structure, (for example, Opler et al., 1999;
Harford et al., 2008; Bates et al., 2009; Y. R. Chen & Chuang, 2009; Kuan et al., 2011).
Additionally, we standardise all independent variables to better interpret the mag-
nitude of the estimated coeﬃcients and to compare the results (Wooldridge, 2010). Then,
each independent variable is standardised to have zero mean and unit variance by sub-
tracting its mean and dividing by its standard deviation.
Standardising all independent variables allows referring their beta coeﬃcients to
be a change in the dependent variable per standard deviation increase in the predictor
variable (Brooks, 2008). This procedure also shows which predictor has a greater eﬀect on
the dependent variable, particularly when these variables are measured in diﬀerent units
of measurement (Wooldridge, 2010). We can also analyse values that are substantially
diﬀerent in terms of scale. Finally, because regression is based on correlation, any linear
transformation does not change the correlation between two variables (Wooldridge, 2010).
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3.2.6 Descriptive statistics
Table 3.3 reports the descriptive statistics of cash holdings, insider ownership, id-
iosyncratic risk, and ﬁrm characteristics that include the mean, standard deviation, me-
dian, 25th, and 75th percentiles. The sample includes all ﬁrmyears from the year 1992
to the year 2014 from matching Compustat, CRSP, ExecuComp, and Thomson Financial
databases. The sample starts in 1992 because the availability of the ExecuComp dataset
begins from this period. The sample excludes ﬁnancial and utility ﬁrms. The dataset is
composed of a ﬁnal sample of 11,988 ﬁrms with 96,886 unrestricted ﬁrmyear observa-
tions. However, given the database restrictions, our sample may vary according to the
variable speciﬁcations.
Table 3.3: Descriptive statistics of cash, idiosyncratic risk, insider ownership and ﬁrm
characteristics from the 1992-2014 sample of US publicly traded ﬁrms.
Mean 25th Perc Median 75th Perc SD∗ N
Cash Holdings 0.1681 0.0277 0.0880 0.2415 0.1894 91,760
Net Cash Holdings 0.3123 0.0285 0.0965 0.3184 0.5077 91,760
Log of Idiosyncratic Riskt−1 -0.8483 -1.2224 -0.8603 -0.4929 0.5277 105,730
Log of Systematic Volatilityt−1 -1.8400 -2.1955 -1.8016 -1.4297 0.6570 78,080
Insider ownershipt−1 0.0412 0.0026 0.0085 0.0310 0.0895 34,239
Leverage 0.2482 0.0583 0.2213 0.3789 0.2088 91,490
Market-to-Book 2.3748 1.0457 1.4525 2.4464 2.3821 91,206
Cashﬂow 0.0700 0.0564 0.1343 0.2056 0.2745 91,626
Acquisitions/AT 0.0193 0.0000 0.0000 0.0102 0.0421 87,464
Firm Size 4.4957 3.0881 4.4167 5.8916 1.8939 119,114
R&D 0.0361 0.0000 0.0000 0.0270 0.0741 117,473
Net Working Capital 0.1034 -0.0327 0.1003 0.2661 0.2244 89,897
Capital Expenditures 0.0818 0.0304 0.0588 0.1077 0.0722 91,760
Dividend 0.3624 0.0000 0.0000 1.0000 0.4807 119,115
Industry Volatility 0.6800 0.0579 0.1849 0.5556 1.2732 117,027
Cashﬂow Volatility 0.1378 0.0335 0.0647 0.1436 0.1823 108,920
Firm Stock Return 0.0055 -0.2701 0.0463 0.3185 0.4775 105,731
Whited and Wu Index -0.1996 -0.3038 -0.2163 -0.1201 0.1416 87,290
∗ Standard deviation.
The average corporate cash holdings during the period from 1992 to 2014 are 16.81%
of total assets and 31.23% of net assets, although the median ﬁrm's cash balances are
smaller at 8.80% and 9.65%, respectively. We notice a positive time trend for the average
net cash holdings ratio for the sample ﬁrms from 1992 to 2014, as plotted in Figure 3.1.
Using the cash holdings measure as cash and cash equivalents divided by total assets,
Bates et al. (2009) show that the evolution of cash reserves presents an increase from
10.5% in 1980 to 23.2% in 2006. Figure 3.1 reinforces Bates et al. (2009)'s ﬁndings by
showing that average cash ratios continue following an upward trend among US ﬁrms over
time.
Insiders, on average, own approximately 4.12% of the outstanding shares. However,
the median inside ownership is 0.8% with a standard deviation of 8.95% characterising
an extremely rightskewed variable. These values are in line with those reported for US
ﬁrms (Harford et al., 2008; Y. R. Chen, 2008; Neamtiu et al., 2014; Nikolov & Whited,
2014). The average annual cash ﬂows that a ﬁrm generates are approximately 7% of net
assets compared with the median of 13.43%, showing that cash ﬂow is left skewed. Firms
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Figure 3.1: Pattern of net cash holdings ratio average (%) and its ﬁtted values over the
period from 1992 to 2014.
capital of 10.34% of net assets, and an R&D ratio of 4.19% of total sales.
The average log of idiosyncratic risk is -0.8483, and its median is -0.8603 with a
standard deviation of 52.77%, a value similar to that of Panousi and Papanikolaou (2012)
of 49%. The mean (median) market-to-book for our sample is 2.37 (1.45). The mean
(median) ﬁrm size for our sample is 4.49 (4.41), as in Bao et al. (2012); Y. R. Chen and
Chuang (2009).
For other ﬁrm characteristics, on average, capital expenditures represents 8.18% of
net assets, and acquisitions represent 1.93% of net assets with a standard deviation of
4.21%. The last column of Table 3.3 reports the number of sample ﬁrms for each variable.
As a result of using lags, and because of the availability of data from several sources, the
variables in our study present diﬀerent numbers of ﬁrmyear observations from the year
1992 to the year 2014.
Table 3.4 provides Pearson correlation coeﬃcients between cash holdings, idiosyn-
cratic risk, insider ownership, and ﬁrm features for the sample. Our measure of cash
holdings, net cash holdings, is highly correlated (0.956) with our alternative measure for
cash balances, cash, and cash equivalents divided by total assets.
As seen in the panel, cash holdings and net cash holdings are positively correlated
with lagged idiosyncratic risk and insider ownership. As expected from prior studies, cash
holding measures are negatively correlated with leverage, acquisitions, ﬁrm size, and net
working capital. We also expect that markettobook and R&D have positive correlations
with cash reserves. However, conclusions should not be preempted from these correlations
because they are a measure of the strength of the linear relationship between paired data
only and do not imply a causal link between the variables (Wooldridge, 2012).
An analysis of Table 3.4 implies that a strong relationship between two explana-
tory variables might be a source of collinearity problems. We further check the variance
inﬂation factor (VIF) for each of the explanatory variables within the model. Values
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larger than 10, or average values of the VIF factors larger than one, suggest evidence of
collinearity Wooldridge (2012).
We employ the VIF test on each regressor, and no explanatory variable presents a
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Following the intuition of Ozkan and Ozkan (2004) and Panousi and Papanikolaou
(2012), we split our sample into 10 percentiles according to the level of insider ownership
to examine in detail if cash holdings are more sensitive to idiosyncratic risk in ﬁrms
where managers hold a larger portion of the ﬁrm's shares. For each year, we sort ﬁrms
into percentiles based on the lagged fraction of shares outstanding owned by the top
executives.
Table 3.5 presents timeseries averages of ﬁrm characteristics within ownership per-
centiles. The mean level of insider ownership across the 10 groups varies from 0.027% to
26.27%. We identify that ﬁrms with higher levels of insider ownership tend to be smaller,
with lower industry volatility and invest more, on average.
Table 3.5: Ten portfolios sorted on insider ownership: timeseries averages of ﬁrm
characteristics within ownership percentiles
Insider Own.Level Low 2 3 4 5 6 7 8 9 High
Cash Holdings 0.1695 0.1376 0.1386 0.1389 0.1441 0.1536 0.1476 0.1619 0.1685 0.1767
Net Cash Holdings 0.2928 0.2154 0.2317 0.2303 0.2369 0.2625 0.2511 0.2821 0.2874 0.3050
Idios. Vol.t−1 0.5162 0.5226 0.5161 0.5218 0.5210 0.5234 0.5139 0.5226 0.5191 0.5221
Insider Own.t−1 0.0002 0.0013 0.0025 0.0043 0.0068 0.0109 0.0182 0.0334 0.0765 0.2627
Leverage 0.2376 0.2469 0.2567 0.2558 0.2363 0.2250 0.2499 0.2364 0.2021 0.1773
Market-to-book 2.6095 2.4742 2.4249 2.3219 2.3138 2.4136 2.3836 2.5516 2.6664 2.8217
Cashﬂow 0.1689 0.1707 0.1533 0.1608 0.1542 0.1540 0.1485 0.1546 0.1630 0.1849
Acquisition 0.0266 0.0254 0.0253 0.0257 0.0270 0.0256 0.0285 0.0274 0.0268 0.0212
Firm Size 6.0840 6.5445 6.3059 6.0483 5.8563 5.6013 5.4864 5.3214 5.1548 5.2358
R&D 0.0389 0.0382 0.0344 0.0308 0.0321 0.0297 0.0318 0.0294 0.0303 0.0236
Nwc. 0.0661 0.0561 0.0720 0.0880 0.1052 0.1143 0.1148 0.1183 0.1246 0.1190
Capex 0.0692 0.0693 0.0662 0.0688 0.0659 0.0691 0.0728 0.0769 0.0781 0.0849
Dividend 0.4136 0.4736 0.4688 0.4468 0.4285 0.4088 0.3676 0.3366 0.3200 0.3564
Ind. Vol. 0.6263 0.6736 0.6064 0.5745 0.5420 0.5586 0.5796 0.5781 0.5561 0.4620
Cﬂow Vol. 0.0992 0.0871 0.0931 0.0885 0.0857 0.0988 0.0972 0.1068 0.1053 0.0945
Stock Ret. 0.0654 0.0744 0.0604 0.0701 0.0710 0.0684 0.0769 0.0693 0.0787 0.0934
WW Index -0.2880 -0.3097 -0.2973 -0.2900 -0.2777 -0.2659 -0.2562 -0.2437 -0.2375 -0.2505
Market Cap. 0.1287 0.0813 0.0768 0.0210 0.0260 0.0128 0.0158 0.0124 0.0143 0.0200
Book Assets($) 0.1344 0.1151 0.0653 0.0433 0.0284 0.0200 0.0201 0.0273 0.0169 0.0231
Moreover, these ﬁrms also have lower market capitalization, greater investment op-
portunities, and a higher net working capital ratio. Finally, ﬁrms with greater insider
ownership are likely to have a lower ﬁnancial leverage ratio and a higher Whited and Wu
index of ﬁnancial constraints. Unfortunately, we cannot predict the sensitivity of cash
holdings to idiosyncratic risk from the level of insider ownership because the relationship
is not clear from the analysis in Table 3.5.
Combining the information from Tables 3.4 and 3.5, we notice a monotonic positive
or negative relationship between the level of insider ownership and other ﬁrm charac-
teristics such as net working capital, ﬁrm size, capital expenditures, dividend payment,
leverage, R&D, and ﬁnancial constraints measured by the Whited and Wu index. How-
ever, it is not possible to predict a clear trend between the level of insider shareholding
and cash reserve behaviour.
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A preliminary investigation on the relationship pattern between cash holdings and
insider ownership can clarify if there is a linear or nonlinear association between these
two variables. We plot Figure 3.2 that shows how corporate cash holdings follow insider
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Figure 3.2: Cash holdings and insider ownership
The nature of the relationship between cash holdings and equity ownership of man-
agers shown in Figure 3.2 is similar to Ozkan and Ozkan (2004)'s ﬁndings for UK ﬁrms
during the period 1995 to 1998. Ozkan and Ozkan (2004) note a nonmonotonic rela-
tion between cash balances and managerial ownership whereby corporate cash holdings
decrease as managerial ownership increases up to 24%, increase as managerial ownership
rises to 64%, and fall again for levels of insider ownership above 64%.
Figure 3.2 shows that, at ﬁrst, cash holdings decrease from the ﬁrst to the second
level of insider ownership consistent with the incentivealignment argument. This could
imply that an increase in managerial ownership incentivises managers to align their inter-
ests with those of shareholders reducing the level of cash holdings. However, after reaching
a minimum, the association between cash reserves and insider ownership becomes posi-
tive, moving from alignment to entrenchment until the sixth percentile, turning negative
at the seventh percentile, and becoming positive from the eighth to the tenth percentile.
This suggests that as the level of insider ownership increases, managers have more
direct control over the ﬁrm, more ability to resist external pressure, and more freedom to
pursue their own interests Ozkan and Ozkan (2004). However, this pattern may be related
to the interaction between riskaverse managers and idiosyncratic risk eﬀect inside ﬁrms.
Consequently, riskaverse managers tend to hold more cash as a strategy to reduce ﬁrm
risk and protect their own wealth. It will be explored in Section 3.3.
86
3.3 Empirical analysis
The empirical analysis is composed of four parts. Section 3.3.1 investigates whether
corporate cash holdings are driven by a ﬁrmlevel measure of idiosyncratic risk after con-
trolling for variables known to aﬀect changes in the cash-to-net assets ratio. Section 3.3.2
analyses whether and how insider ownership inﬂuences corporate cash holding behaviour.
Section 3.3.3 examines if a situation where a manager's shareholdings facing unhedgeable
risk yields a stronger, positive relation between idiosyncratic volatility and cash hold-
ings. Finally, Section 3.3.4 explores potential endogeneity issues that could distort our
outcomes and Section 3.3.5 proceeds with robustness checks.
3.3.1 Cash holdings and idiosyncratic risk
Our empirical analysis ﬁrst examines whether idiosyncratic risk aﬀects corporate
cash holdings. We employ a multivariate setting using crosssectional timeseries regres-
sion models. For all speciﬁcations, we report tstatistics using standard error corrected
for clustering at the ﬁrm level. Depending on the speciﬁcation, we use time ﬁxed eﬀects
and industrytime ﬁxed eﬀects. We allow the time eﬀects to vary by industry to capture
any unobservable component varying at the industry level. In this case, variation comes
from diﬀerences between a ﬁrm and its industry peers, as in Panousi and Papanikolaou
(2012).
To test our ﬁrst hypothesis that corporate cash holdings are positively related to
idiosyncratic risk, our dependent variable is net cash holdings computed as the ratio of
cash and cash equivalents to total assets minus cash and cash equivalents. We conduct a
robustness check with other measures of cash holdings in Section 3.3.5. The independent
variables are idiosyncratic risk measured as the log volatility of the regression residuals
from a twoindex model and ﬁrmspeciﬁc factors that can aﬀect corporate cash holdings.
We test this relationship from our baseline econometric model in Equation 3.9, that
is:
Cashholdingi,t = α + β1logσi,t−1 + γ1Zi,t + ηi + %t + υi,t (3.9)
The vector Zi,t includes control variables known to correlate with cash holding deci-
sions and idiosyncratic risk for ﬁrm i at time t. Following studies presented previously, Zi,t
consists of proxies for size, cashﬂow, net working capital, growth opportunities, cashﬂow
volatility, stock returns, capital expenditures, leverage, dividend, research and develop-
ment, acquisitions, industry volatility, lagged systematic volatility and WW index. We
also include lagged cash holdings to mitigate potential problems of endogeneity and ad-
justment delay of cash structure (e.g., Opler et al., 1999; Harford et al., 2008; Bates et
al., 2009; Y. R. Chen & Chuang, 2009; Kuan et al., 2011). ηi and %t capture the ﬁrm and
time ﬁxed eﬀects, and υi,t is the error term.
Because we standardise all independent variables, we refer their beta coeﬃcients
directly as a change in the dependent variable per standard deviation increase in respective
predictor variables.
Table 3.6 shows the estimates of our baseline. The ﬁrst column displays the ﬁndings
of Model 1, where we include only idiosyncratic risk proxy and ﬁrm ﬁxed eﬀects. When
we do not control for other ﬁrm characteristics, the coeﬃcient on idiosyncratic risk is
2.32% and statistically and economically signiﬁcant at the 99% conﬁdence level. All else
equal, a single standard deviation increase is associated with a 2.32% increase in the net
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cash holdings ratio.
Table 3.6: Multivariate analysis of cash holdings and idiosyncratic risk.
Dependent Variable: (1) (2) (3) (4)
Net Cash Holdings
Idiosyncratic Volatility.t−1 0.0232∗∗∗ 0.0121∗∗∗ 0.0121∗∗∗ 0.0109∗∗
(4.75) (2.84) (2.68) (2.06)
Systematic Volatility.t−1 -0.0065∗
(-1.91)
Net Cash Holdings.t−1 0.4175∗∗∗ 0.4117∗∗∗ 0.4357∗∗∗
(35.91) (35.34) (31.68)
Leverage. -0.0262∗∗∗ -0.0240∗∗∗ -0.0060
(-4.25) (-3.72) (-0.84)
Market-to-Book. 0.2419∗∗∗ 0.2481∗∗∗ 0.2409∗∗∗
(26.00) (25.84) (21.91)
Cash ﬂow. -0.0166 -0.0122 -0.0190
(-1.61) (-1.15) (-1.54)
Acquisitions. -0.0597∗∗∗ -0.0603∗∗∗ -0.0597∗∗∗
(-23.24) (-22.90) (-20.18)
Firm Size. 0.0829∗∗∗ 0.1000∗∗∗ 0.0496∗∗∗
(5.87) (6.40) (3.18)
R&D. 0.0419∗∗∗ 0.0404∗∗∗ 0.0319∗∗
(3.21) (3.00) (2.04)
Net Working Capital. -0.0985∗∗∗ -0.0983∗∗∗ -0.1037∗∗∗
(-11.93) (-11.62) (-10.20)
Capital Expenditures. -0.0022 0.0005 -0.0015
(-0.41) (0.09) (-0.24)
Industry Volatility. -0.0122∗∗ -0.0161∗∗ -0.0109∗
(-2.17) (-2.03) (-1.82)
Cash ﬂow Volatility. 0.0479∗∗∗ 0.0516∗∗∗ 0.0360∗∗
(3.56) (3.79) (2.21)
Dividend. -0.0053 0.0054 -0.0140
(-0.56) (0.53) (-1.33)
Firm Stock Return. -0.0070∗∗ -0.0071∗∗ -0.0071∗
(-2.46) (-2.36) (-1.95)
Whited and Wu Index. 0.0194∗∗∗ 0.0365∗∗∗ 0.0140∗∗
(3.59) (4.53) (2.36)
Observations 81189 62131 62131 45508
R2 0.759 0.845 0.850 0.865
Fixed eﬀects F F, T F, IxT F, T
t statistics in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
The second column shows the estimates of Model 2, which consider the vector of
control variables and ﬁrm and time ﬁxed eﬀects. The coeﬃcient on idiosyncratic risk
is 1.21%, statistically and economically signiﬁcant at the 99% conﬁdence level. In this
speciﬁcation, a single standard deviation increase in idiosyncratic volatility is related to
a 1.21% increase in net cash holdings ratio, all else being equal.
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The third column presents the results of Model 3 that include the vector of control
variables and ﬁrm, time, and industry eﬀects. In this model, the coeﬃcient on idiosyn-
cratic risk remains unaﬀected at 1.21%.
The fourth column displays the estimates considering an additional regressor, the
systematic risk. We include this regressor to rule out the potential eﬀect of systematic
risk on cash holdings that could bias our results. The coeﬃcient on idiosyncratic risk
persists and is statistically signiﬁcant at the 5% level, although it is less economically sig-
niﬁcant. In this speciﬁcation, a single standard deviation increase in systematic volatility
decreases corporate cash holdings by 0.65%, signiﬁcant at the 90% conﬁdence level. This
seems counterintuitive; we expected a positive association between cash hoardings and
systematic risk because ﬁrms more exposed to systematic risks are likely to hold more
cash (Acharya et al., 2013).
Most control variables show expected signs and remain statistically signiﬁcant at the
1%, 5%, or 10% level, conﬁrming their importance in determining corporate cash hold-
ings. As expected, investment opportunities (coeﬃcient=0.2409 and t-statistic=21.91)
and lagged net cash holdings (coeﬃcient=0.4357 and t-statistic=31.68) explain a sub-
stantial part of the current cash holdings. The results support H1 that corporate cash
holdings are positively related to idiosyncratic risk.
3.3.2 Cash holdings and insider ownership
Following the intuition in Nikolov and Whited (2014) that insider ownership may
act as a monitoring tool within ﬁrms, our second hypothesis presumes that corporate cash
holdings is negatively related to insider ownership. To test this hypothesis, we employ
our baseline econometric model from Equation 3.10, that is:
Cashholdingi,t = α + β1InsOwni,t−1 + γ1Zi,t + ηi + %t + υi,t (3.10)
The vector Zi,t includes control variables known to correlate with cash holding deci-
sions and insider ownership for ﬁrm i at time t. Following studies already presented, Zi,t
includes lagged cash holdings, size, cash ﬂow, net working capital, growth opportunities,
cash ﬂow volatility, capital expenditures, leverage, dividends, R&D, acquisitions, industry
volatility, WW index, cash compensation, and institutional ownership. ηi and %t capture
the ﬁrm and time ﬁxed eﬀects, and υi,t is the error term.
Table 3.7 lists the empirical ﬁndings for four speciﬁcations. The coeﬃcient on insider
ownership is negative and signiﬁcant at the 5% level for all models after controlling for
ﬁrm features, compensation scheme, and institutional ownership. The ﬁndings support
our second hypothesis.
In Model 1, a single standard deviation increase in insider ownership, all else being
equal, leads to a 1.26% decrease in the net cash holdings ratio, on average, when controlled
for ﬁrm and time eﬀects. In Model 2, a single standard deviation increase in insider
ownership is related to a 1.47% decrease in the net cash holding ratio, on average, when
controlled for ﬁrm and industrytime ﬁxed eﬀects.
Lagged cash holdings, market-to-book, acquisitions, and net working capital in these
regressions lead to the similar inferences of earlier regressions. Cash ﬂow and dividend
remain statistically insigniﬁcant. However, leverage, cash ﬂow volatility, industry volatil-
ity, WW Index, capital expenditures, R&D, and ﬁrm size lose statistical signiﬁcance or
89
Table 3.7: Multivariate analysis of cash holdings and insider ownership.
Dependent Variable:
(1) (2) (3) (4)
Net Cash Holdings
Insider Ownershipt−1 -0.0126∗ -0.0147∗∗ -0.0580∗∗ -0.0605∗∗
(-1.85) (-2.13) (-2.42) (-2.39)
Insider Ownership2t−1 0.0824∗ 0.0822∗
(1.89) (1.80)
Insider Ownership3t−1 -0.0422∗ -0.0418∗
(-1.78) (-1.66)
Net Cash Holdingst−1 0.4575∗∗∗ 0.4370∗∗∗ 0.4569∗∗∗ 0.4364∗∗∗
(18.99) (17.56) (18.97) (17.54)
Cash Compensationt−1 0.0309∗∗ 0.0392∗∗ 0.0307∗∗ 0.0389∗∗
(2.00) (2.33) (1.99) (2.32)
Institutional Ownershipt−1 -0.0283∗∗∗ -0.0306∗∗∗ -0.0281∗∗∗ -0.0305∗∗∗
(-4.92) (-4.94) (-4.91) (-4.94)
Leverage 0.0454∗∗∗ 0.0486∗∗∗ 0.0455∗∗∗ 0.0488∗∗∗
(3.06) (3.03) (3.06) (3.04)
Market-to-Book 0.2350∗∗∗ 0.2431∗∗∗ 0.2358∗∗∗ 0.2439∗∗∗
(12.36) (11.87) (12.41) (11.91)
Cashﬂow 0.0086 0.0132 0.0082 0.0129
(0.30) (0.42) (0.29) (0.41)
Acquisitions -0.0647∗∗∗ -0.0658∗∗∗ -0.0646∗∗∗ -0.0656∗∗∗
(-14.12) (-13.06) (-14.10) (-13.02)
Firm Size 0.0590 0.0613 0.0573 0.0599
(1.43) (1.37) (1.40) (1.33)
R&D 0.0198 0.0036 0.0200 0.0039
(0.70) (0.12) (0.71) (0.13)
Net Working Capital -0.1636∗∗∗ -0.1647∗∗∗ -0.1635∗∗∗ -0.1647∗∗∗
(-6.90) (-6.57) (-6.89) (-6.57)
Capital Expenditures -0.0290∗∗ -0.0216∗ -0.0285∗∗ -0.0212
(-2.54) (-1.68) (-2.50) (-1.64)
Industry Volatility -0.0123 -0.0157 -0.0119 -0.0153
(-0.99) (-1.12) (-0.95) (-1.09)
Cashﬂow Volatility 0.0033 0.0040 0.0026 0.0033
(0.10) (0.12) (0.08) (0.10)
Dividend 0.0033 0.0004 0.0039 0.0006
(0.16) (0.02) (0.19) (0.03)
Whited and Wu Index 0.0080 0.0043 0.0081 0.0042
(0.73) (0.30) (0.73) (0.30)
Observations 12364 12364 12364 12364
R2 0.865 0.874 0.865 0.874
Fixed eﬀects F,T F, TxI F,T F,TxI
t statistics in parentheses.∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
change their signiﬁcance and coeﬃcient sign. We hypothesise that the ownership structure
moderates the eﬀect of these determinants on cash holdings.
From these variables, only the coeﬃcients on leverage are positive and statistically
signiﬁcant at the 1% level. Acharya et al. (2007) explain that ﬁrms with higher invest-
ment opportunities and lower hedging accumulate excess cash towards debt reductions
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to save/amplify debt capacity. However, this is not the case because the estimates on
leverage are positive. Jensen (1986) suggest that larger cash reserves and higher leverage
levels might reduce agency costs because managers are forced to pay out excess funds
instead of investing in negative net present value projects.
Initially, our ﬁndings endorse the second hypothesis that insider ownership is nega-
tively related to corporate cash holdings. These results are consistent with Jensen (1986)'s
perspective that compensating managers with equity holdings may induce them to act
eﬃciently in the interests of their ﬁrm's claimants. Consequently, insider ownership po-
tentially acts as a monitoring tool and, therefore, motivates managers to spend the excess
cash appropriately in valueincreasing projects rather than holding the cash within the
ﬁrm.
Although this ﬁnding provides evidence of a causal negative relationship between
cash holdings and managerial ownership, we investigate whether cash holdings may vary
with the level of insider ownership as in Opler et al. (1999), Ozkan and Ozkan (2004),
and Harford et al. (2008).
Harford et al. (2008) argue that the true relation between cash holdings and insider
ownership might be asymmetric suggesting that accurate inference from linear speciﬁca-
tion is insuﬃcient for its capture. According to the authors, only the coeﬃcient repre-
senting the fourth quartile of managerial ownership is signiﬁcant.
Models 1 and 2 presented in Table 3.7, and the intuition formerly observed in Figure
3.2, show that cash holdings may vary with the level of insider ownership. We test if the
relationship between cash and idiosyncratic volatility is nonlinear.
Stock and Watson (2011) explain that one way to specify a nonlinear regression
function is to use a polynomial in the regressor as powers of the same dependent vari-
able. We include higher ordered insider ownership terms, namely, InsOwn2 and Insider
Ownership3, into our baseline regression to capture any potential conditional relationship
from these two variables on cash holdings and its asymmetry.
Following the insights of Ozkan and Ozkan (2004), this insertion allows for the eﬀect
of insider ownership on cash holdings to alter with the level of insider ownership, which
diﬀers from the linear regression framework that examines a constant eﬀect.
The estimated coeﬃcients on InsOwn, InsOwn2, and InsOwn3 in Models 2 and 3 are
statistically signiﬁcant at the 5%, 10%, and 10% level, respectively, although controlling
for ﬁrm, time, and industry ﬁxed eﬀects. This suggests that the inﬂuence of ownership
on cash holding decisions does not have a constant eﬀect and supports the perspective of
a nonlinear relationship, as in Ozkan and Ozkan (2004).
These outcomes imply that ﬁrms with managerial ownership between 0.1% and 0.6%
maintain the lowest cash balances. In other words, a single standard deviation increase
in managerial ownership through this range is associated with a 5.8% to 6.05% decrease
in the net cash holding ratio. However, after reaching a minimum, as the level of insider
ownership rises, ﬁrms hold more cash.
From an insider ownership level of 0.6% to 1.09%, ﬁrms accumulate cash reserves. In
this range, a single standard deviation increase in insider ownership is related to an 8.24%
increase in net cash holdings. This provides evidence of an entrenchment eﬀect at these
levels, such as in Ozkan and Ozkan (2004). Between 1.09% and 1.82%, the relationship
becomes negative implying a single standard deviation increase in managerial ownership
leads to a 4.22% to 4.18% decrease in net cash holdings. At an insider ownership level over
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3.34%, ﬁrms hold more cash. From this perspective, the literature has mixed explanations
as to why managers with a higher level of ownership positively inﬂuence corporate cash
holding behaviour.
Opler et al. (1999) report that managerial shareholding has a positive impact on cash
holdings for low insider ownership ﬁrms, signiﬁcant at the 10% level. However, there is no
signiﬁcant eﬀect at higher levels of managerial ownership. In Ozkan and Ozkan (2004),
the positive eﬀect of insider ownership on cash holdings at higher levels of ownership
suggests the presence of managerial risk aversion in this relationship. To Nikolov and
Whited (2014), a lower level of insider ownership is a key determinant of an upward trend
in US ﬁrm cash holdings.
Therefore, further investigations are required to disentangle these previous out-
comes. The next section explores whether managers facing unhedgeable risk are likely
to hold more cash as the level of insider ownership increases, and we examine alternative
channels for the previously mixed explanations in the cash holding literature.
3.3.3 Cash holdings, idiosyncratic risk, and insider ownership
This section analyses our third hypothesis that the positive relationship between
cash holdings and idiosyncratic risk is stronger when managers own a larger fraction of
the ﬁrm. Given this, if the manager is also the owner of the ﬁrm, then whatever happens to
that ﬁrm will matter for the manager/investor even if the risk only aﬀects this particular
ﬁrm (Panousi & Papanikolaou, 2012). Consequently, the ﬁrm will start to behave in
a more riskaverse way. Then, if idiosyncratic uncertainty increases, the manager may
hold cash to protect personal wealth and to avoid default risk (Arnold, 2014; Panousi &
Papanikolaou, 2012).
Disentangling the impact of insider ownership on corporate cash holdings is complex.
Agency theories rely, at least, on three divergent views on the role of managerial ownership
on corporate cash policies.
The alignment perspective states that a high level of insider ownership and eﬀec-
tive internal governance inhibit managerial misbehaviour in corporate decision making
(Jensen, 1986).
The entrenchment view associates a high level of managerial ownership with the
potential for resource diversion such as outright stealing, excessive salaries, perquisite
consumption, and/or transfer pricing (La Porta et al., 2002).
Baum, Chakraborty, Han, and Boyan (2012) aﬃrm that both governance quality
and the nature of uncertainty facing the ﬁrm may play an important role on ﬁrm cash
holding arrangements. According to the authors, as macroeconomics uncertainty within
ﬁrms increases, entrenched managers are better positioned to use the resources of the
ﬁrm to pursue their own interests. With a higher level of insider ownership, managerial
discretion could be worse because greater ownership provides more direct control over the
ﬁrm, and outside shareholders may ﬁnd it more diﬃcult to monitor manager actions or
estimate the true value of their corporate decisions (Ozkan & Ozkan, 2004).
Holmström and Tirole (1998) highlight that while equity compensation schemes
may seem to have desirable incentive/motivational properties, they also can discourage
the manager from bearing risk that could be better carried by diversiﬁed stockholders. If
the manager, unlike the owners, has already invested most of the nondiversiﬁable and
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nontradeable human capital in the ﬁrm, the manager has a tendency to be risk-averse,
whereas the principal may be risk neutral (Zajac & Westphal, 1994). Therefore, while the
principal only bears systematic risk, the manager bears both systematic and idiosyncratic
risks (Tong, 2010). Because these risk preferences diﬀer, it would be costly and diﬃcult
for outside shareholders to convince the manager to bear this risk.
We, henceforth, rely on this third standpoint for riskrelated agency theory that
predicts riskaverse managers under idiosyncratic risk prefer to reduce default and liquid-
ity risk retaining more cash reserves towards higher levels of insider ownership to preserve
their own wealth and their nondiversiﬁable and nontradeable human capital within
ﬁrms.
We analyse cashidiosyncratic sensitivity to the level of insider ownership using an
OLS approach. We sort ﬁrms annually into quintiles based on the fraction of shares
outstanding owned by oﬃcers classiﬁed into the following categories, according to the
Thomson classiﬁcation: O, OD, OE, OB, OP, OS, OT, OX, CEO, CFO, CI, CO, CT, H,
GM, M, MD, P, EVP, VP, and SVP. Then, we run the linear model of Equation 3.7 for
each level of insider ownership.
Model 1 considers only lagged idiosyncratic risk and ﬁrm ﬁxed eﬀects while Model 2
includes the control variables, ﬁrm, and time eﬀects. Table 3.8 presents the results when
we sort ﬁrms into the ﬁfth level of insider ownership. The coeﬃcient on idiosyncratic risk
is statistically signiﬁcant at the 10% and 5% level in Models 1 and 2 for the second level
of managerial ownership, respectively. The coeﬃcient on idiosyncratic risk also presents
statistical signiﬁcance at the 5% level in Model 1 for the third level of insider ownership.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































Next, we interact idiosyncratic risk with the level of managerial ownership to exam-
ine its impact on cash holdings using an extended version of Equation 3.7, as shown in
Equation 3.11:
Cashholdingsi,t = α + β1logσi,t−1 + β2InsOwnLowi,t + β3InsOwn2i,t + β4InsOwn3i,t+
β5InsOwn4i,t + β6logσi,t−1 ∗ InsLowi,t−1 + β7logσi,t−1 ∗ Ins2i,t−1 + β8logσi,t−1 ∗ Ins3i,t−1+
β9logσi,t−1 ∗ Ins4i,t−1 + β10logσi,t−1 ∗ InsHighi,t−1 + γ1Zi,t + ηi + %t + υi,t
(3.11)
In this expanded equation, we incorporate all insider ownership level dummies and the
interactions between the idiosyncratic risk proxy and each insider ownership level, namely,
Idiosyncratic risk x InsLow, Idiosyncratic risk x Ins2, Idiosyncratic risk x Ins3, Idiosyncratic
risk x Ins4, and Idiosyncratic risk x InsHigh.
The vector Zi,t includes size, cash ﬂow, net working capital, growth opportunities,
cash ﬂow volatility, stock returns, capital expenditures, leverage, dividend, R&D, ac-
quisitions, industry volatility, WW index, cash compensation (salary plus bonus) and
institutional ownership for ﬁrm i at time t.
We also employ two diﬀerent measures of insider ownership, separately. First, we
consider the fraction of shares outstanding owned by oﬃcers, excluding options to con-
struct the level of insider ownership for a ﬁrm across Models 1 to 4. Second, we use
the shares owned by managers including options in Models 5 to 8 to test whether more
convex executive compensation schemes could aﬀect corporate cash balance retention,
inhibiting the risk aversion behaviour of managers, such as in Nikolov and Whited (2014)
and Panousi and Papanikolaou (2012).
Models 1 and 5 consider, respectively, the interaction between idiosyncratic risk and
the level of insider ownership on cash holdings, controlling for ﬁrm ﬁxed eﬀects. Models
2, 3, 4, 6, and 8 include the control variables, ﬁrm, time, and industry eﬀects, according
to the speciﬁcation.
Table 3.9 lists the results from these interactions on cash holdings. The parameters
of the interaction variables are statistically insigniﬁcant for all level of insider ownership
and insider ownership plus options. These ﬁndings do not support our third hypothesis
that ﬁrms with a higher level of insider ownership exposed to idiosyncratic risk hold more
corporate cash holdings.
Although our third hypothesis could not be conﬁrmed, the insider ownership dum-
mies have positive and statistic signiﬁcant coeﬃcients between 1% and 10% levels, de-
pending on the model speciﬁcation. Initially, the ﬁndings are counterintuitive because
we found a negative, signiﬁcant relationship between cash holdings and insider ownership
earlier. Rather, when we observe the coeﬃcient of each insider ownership dummy, as the
level of insider ownership rises, its eﬀect on cash holdings becomes weaker. In other words,
managers with a lower level of insider ownership tend to save more cash than managers
with higher shareholdings.
In Model 4, for instance, managers at the ﬁrst level of insider ownership (on average
0.02% of ﬁrm's shares outstanding) retain 69.8% more cash holdings than managers at
the fourth level of insider ownership (on average 0.08% of ﬁrm's shares outstanding), con-
trolling for ﬁrm, time, and industry eﬀects. Moreover, by incorporating options into the
insider ownership measure, the coeﬃcient on insider ownership dummies loses signiﬁcance
compared to the ﬁrst measure. In Tong (2010), CEOs in ﬁrms with compensation schemes
compounded by options hold less cash than ﬁrms that do not include them in manager
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Table 3.9: Insider ownershipidiosyncratic risk interactions on cash holdings: Cross
section timeseries regressions.
Dependent Variable:
1 2 3 4 5 6 7 8
Net Cash Holdings
Idiosyncratic Riskt−1 0.0325∗ 0.0089 0.0080 0.0033 0.0317 0.0202 0.0190 0.0152
(1.86) (0.60) (0.55) (0.22) (1.59) (1.33) (1.24) (0.98)
Insider Own Level 1 0.0337 0.0581∗∗∗ 0.0592∗∗∗ 0.0613∗∗∗ 0.0564∗ 0.0415∗ 0.0425∗ 0.0438∗
(1.27) (2.64) (2.69) (2.83) (1.82) (1.81) (1.85) (1.93)
Insider Own Level 2 0.0347 0.0526∗∗ 0.0542∗∗ 0.0592∗∗∗ 0.0412 0.0331 0.0348 0.0351∗
(1.39) (2.36) (2.44) (2.68) (1.44) (1.54) (1.62) (1.66)
Insider Own Level 3 0.0356 0.0452∗∗ 0.0471∗∗ 0.0513∗∗ 0.0411 0.0411∗ 0.0429∗∗ 0.0458∗∗
(1.57) (2.10) (2.18) (2.37) (1.47) (1.92) (1.99) (2.13)
Insider Own Level 4 0.0075 0.0265 0.0278 0.0361∗ 0.0257 0.0228 0.0241 0.0281
(0.34) (1.36) (1.42) (1.85) (1.03) (1.09) (1.14) (1.32)
Idios Risk x Insider 1 0.0014 0.0023 0.0026 0.0035 -0.0091 -0.0133 -0.0127 -0.0104
(0.06) (0.12) (0.14) (0.19) (-0.37) (-0.73) (-0.69) (-0.56)
Idios Risk x Insider 2 0.0121 0.0052 0.0056 0.0073 -0.0001 -0.0093 -0.0085 -0.0091
(0.56) (0.30) (0.32) (0.42) (-0.00) (-0.51) (-0.46) (-0.51)
Idios Risk x Insider 3 0.0076 0.0099 0.0101 0.0127 0.0099 -0.0082 -0.0077 -0.0058
(0.35) (0.52) (0.53) (0.66) (0.39) (-0.41) (-0.39) (-0.29)
Idios Risk x Insider 4 -0.0096 -0.0081 -0.0084 -0.0032 0.0129 -0.0173 -0.0172 -0.0144
(-0.45) (-0.43) (-0.44) (-0.17) (0.54) (-0.89) (-0.88) (-0.74)
Net Cash Holdingst−1 0.4511∗∗∗ 0.4519∗∗∗ 0.4459∗∗∗ 0.4543∗∗∗ 0.4553∗∗∗ 0.4492∗∗∗
(18.85) (18.82) (18.39) (19.12) (19.09) (18.63)
Leverage 0.0435∗∗∗ 0.0432∗∗∗ 0.0451∗∗∗ 0.0435∗∗∗ 0.0432∗∗∗ 0.0449∗∗∗
(2.94) (2.92) (3.09) (2.91) (2.89) (3.06)
Market-to-Book 0.2409∗∗∗ 0.2400∗∗∗ 0.2411∗∗∗ 0.2394∗∗∗ 0.2384∗∗∗ 0.2396∗∗∗
(12.61) (12.43) (12.36) (12.51) (12.34) (12.28)
Cashﬂow 0.0179 0.0177 0.0205 0.0199 0.0197 0.0219
(0.63) (0.62) (0.70) (0.70) (0.69) (0.75)
Acquisitions -0.0621∗∗∗ -0.0622∗∗∗ -0.0624∗∗∗ -0.0620∗∗∗ -0.0622∗∗∗ -0.0624∗∗∗
(-14.06) (-14.00) (-13.91) (-14.06) (-14.00) (-13.91)
Firm Size -0.0016 0.0071 -0.0019 -0.0041 0.0057 -0.0031
(-0.04) (0.17) (-0.05) (-0.10) (0.14) (-0.07)
R&D 0.0183 0.0181 0.0166 0.0230 0.0229 0.0210
(0.65) (0.65) (0.59) (0.83) (0.82) (0.76)
Net Working Capital -0.1646∗∗∗ -0.1639∗∗∗ -0.1594∗∗∗ -0.1658∗∗∗ -0.1650∗∗∗ -0.1605∗∗∗
(-6.95) (-6.93) (-6.80) (-7.03) (-7.00) (-6.87)
Capital Expenditures -0.0263∗∗ -0.0259∗∗ -0.0252∗∗ -0.0275∗∗ -0.0270∗∗ -0.0263∗∗
(-2.34) (-2.30) (-2.22) (-2.42) (-2.38) (-2.30)
Industry Volatility -0.0103 -0.0105 -0.0091 -0.0105 -0.0107 -0.0095
(-0.83) (-0.84) (-0.71) (-0.85) (-0.86) (-0.75)
Cashﬂow Volatility -0.0001 -0.0003 0.0009 0.0041 0.0039 0.0051
(-0.00) (-0.01) (0.03) (0.12) (0.12) (0.15)
Dividend 0.0069 0.0066 0.0046 0.0064 0.0060 0.0043
(0.32) (0.31) (0.21) (0.30) (0.29) (0.20)
Firm Stock Return -0.0182∗∗∗ -0.0179∗∗∗ -0.0169∗∗ -0.0180∗∗∗ -0.0177∗∗∗ -0.0167∗∗
(-2.82) (-2.73) (-2.55) (-2.79) (-2.70) (-2.52)
WW Index 0.0068 0.0068 0.0055 0.0060 0.0060 0.0050
(0.62) (0.62) (0.48) (0.55) (0.55) (0.43)
Cash Compensationt−1 0.5162 0.7953 0.5897 0.8756
(0.29) (0.43) (0.33) (0.47)
Institutional Ownershipt−1 -0.0072 -0.0111 -0.0079 -0.0116
(-0.83) (-1.29) (-0.91) (-1.36)
Observations 17995 12388 12388 12388 16446 12356 12356 12356
R2 0.754 0.864 0.864 0.867 0.763 0.865 0.865 0.867
Fixed Eﬀects F F,T F,T F,TxI F F,T F,T F,TxI
t statistics in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
reward schemes.
Our results corroborate Opler et al. (1999)'s study that insider shareholdings have
a positive impact on cash holdings for ﬁrms with low levels of insider ownership but
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no signiﬁcant eﬀect at higher levels of managerial ownership. Our results reinforce the
perspective of Nikolov and Whited (2014) that a lower level of insider ownership is a key
determinant of an upward trend in US ﬁrm cash holdings because the average insider
ownership in our US sample is 4.12% of a ﬁrm's shares outstanding.
All these ﬁndings emphasise the prediction of agency theory that managerial own-
ership acts as a monitoring tool aligning manager and shareholders' interests, even under
ﬁrmspeciﬁc risk.
3.3.4 Endogeneity issues
Detaching the alternative hypothesis for our results is an important step to conﬁrm
whether we can establish evidence of a causal eﬀect among the main study variables: cash
holdings, idiosyncratic risk, and insider ownership. When the unobserved characteristics,
simultaneity, or measurement error are likely to be present in the regression set, potential
endogeneity problems could cause biased estimation on the model parameters (Roberts
& Whited, 2013).
A major concern is that insider ownership and cash holdings are, in part, jointly
determined. Consequently, they could be a potential source of endogeneity. Higher cash
holdings are potentially more valuable for ﬁnancially constrained ﬁrms than for uncon-
strained ﬁrms because ﬁrms facing unpredictable future internal funds, costly external
ﬁnancing, and market imperfections have a propensity to invest in liquid assets as an
optimal response in ﬁnancing future investment opportunities (Gamba & Triantis, 2008).
Therefore, our results can be driven by the likelihood that a ﬁrm is ﬁnancially constrained
rather than by the diﬀerences in insider ownership levels per se.
To rule out this possibility, we separate ﬁrms into diﬀerent levels of insider ownership,
controlling for the degree of ﬁnancial constraints. Following Almeida et al. (2004), we
double sort ﬁrms into ﬁve times ﬁve groups based on the degree of ﬁnancial constraints
and the level of insider ownership. Next, we use two measures for ﬁnancial constraints:
Whited and Wu index and ﬁrm size, measured as the logarithm of the book value of assets.
Then, we estimate Equation 3.7 separately for each pooled quintile. The set of controls
includes size, cash ﬂow, net working capital, growth opportunities, cash ﬂow volatility,
stock returns, capital expenditures, leverage, dividends, R&D, acquisitions, and industry
volatility.
We show the diﬀerence in the coeﬃcients on idiosyncratic risk across quintiles 1
through 5, and the Chowtest pvalue for the null hypothesis show that the coeﬃcients
are equal. Standard errors are clustered at the ﬁrm level. The sample period is 1992 to
2014. We include ﬁrm and time ﬁxed eﬀects for all speciﬁcations.
Table 3.10 reports the estimations related to ﬁnancial constraints. The degree of
ﬁnancial constraints has no impact on our ﬁndings. The coeﬃcient on idiosyncratic risk
is not signiﬁcantly showing that the relationship between cash holdings and idiosyncratic






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This section subjects our estimates to robustness checks to address potential con-
cerns on the model speciﬁcation and other estimation issues.
First, we verify the results so far by replacing the dependent variable  net cash
holdings  by alternative measures for cash holdings. Next, we test our speciﬁcations
using alternative measures for idiosyncratic risk on the alternative cash holdings measure.
To conﬁrm our ﬁrst and second assumptions, we use the cashtototal assets ratio,
as in C. Kim and Bettis (2014) and Qiu and Wan (2014). Then, we employ cash and
marketable securities to sales as a second alternative following Bates et al. (2009), Harford
et al. (2008), and Y. Huang et al. (2013). Finally, as a third alternative, we use changes in
cash deﬁned as the diﬀerence between the ratio of cash holdings and marketable securities
to total assets in the previous year and the current year, as in Almeida et al. (2004).
Table 3.11 reports the estimations on alternative cash holding measures. Models 1
and 2 still present the same pattern: idiosyncratic risk positively aﬀect corporate cash
holdings at the 5% signiﬁcance level, holding for ﬁrm, time, and industry eﬀects. However,
the coeﬃcient on idiosyncratic risk in Model 3 is negative and not signiﬁcant.
We also examine the robustness of our results on alternative deﬁnitions of the volatil-
ity measure on diﬀerent proxies for cash holdings. We consider the volatility of the residu-
als from a market model regression of ﬁrm returns on the market portfolio, σrmktt , and the
volatility of the residuals from a regression of ﬁrm returns on Fama and French (1993)'s
threefactor model, σrff3t . All measures are highly correlated and reach similar results on
cash holdings, as shown in Table 3.12.
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Table 3.11: Alternative cash holding measures: robustness check.
(1) (2) (3) (4) (5) (6)
Dependent Variable Cash Cash/Sales Casht-Casht−1 Cash Cash/Sales Casht-Casht−1
Idiosyn. Risk.t−1 0.0148∗∗∗ 0.0212∗∗∗ -0.0062
(2.84) (4.12) (-0.43)






Cash.t - Casht−1 0.0440∗∗∗ 0.0035
(4.52) (0.14)
System. Vol.t−1 -0.0071∗∗ -0.0057∗ -0.0027
(-2.15) (-1.81) (-0.30)
Leverage. -0.0123∗ -0.0029 -0.0344∗∗ 0.0443∗∗∗ 0.0401∗∗∗ 0.0339
(-1.87) (-0.41) (-2.32) (2.93) (2.99) (0.74)
Mtb. 0.2078∗∗∗ 0.1429∗∗∗ 0.2159∗∗∗ 0.2084∗∗∗ 0.1581∗∗∗ 0.3124∗∗∗
(23.91) (15.75) (11.85) (12.29) (9.66) (7.68)
Cash ﬂow. 0.0492∗∗∗ -0.0838∗∗∗ 0.0649∗∗∗ 0.0730∗∗∗ -0.1089∗∗∗ -0.0068
(4.82) (-7.02) (2.73) (2.66) (-4.26) (-0.08)
Acquis. -0.0754∗∗∗ -0.0290∗∗∗ -0.0422∗∗∗ -0.0802∗∗∗ -0.0386∗∗∗ -0.0430∗∗∗
(-25.86) (-10.80) (-5.84) (-14.37) (-8.35) (-2.74)
Firm Size. 0.0180 0.2004∗∗∗ -0.0615∗ -0.0455 0.1661∗∗∗ 0.0795
(1.20) (12.38) (-1.73) (-1.10) (4.45) (0.68)
R&D. 0.0471∗∗∗ 0.1269∗∗∗ 0.0608∗ 0.0136 0.0848∗∗∗ 0.0084
(3.50) (7.73) (1.93) (0.45) (2.78) (0.09)
NWC. -0.1000∗∗∗ -0.0441∗∗∗ -0.0983∗∗∗ -0.1402∗∗∗ -0.0842∗∗∗ -0.1503∗∗∗
(-11.20) (-5.03) (-5.02) (-6.62) (-3.99) (-2.66)
Capex. -0.0187∗∗∗ -0.0038 0.0215∗ -0.0406∗∗∗ -0.0213 -0.0145
(-3.36) (-0.61) (1.70) (-3.21) (-1.45) (-0.40)
Ind. Vol. 0.0009 -0.0081 -0.0467∗∗ -0.0021 -0.0129 -0.0492
(0.13) (-1.03) (-2.13) (-0.14) (-0.94) (-0.93)
CFlow Vol. 0.0314∗∗ 0.0236 0.0805∗∗∗ 0.0136 -0.0003 -0.0779
(2.26) (1.57) (2.67) (0.46) (-0.01) (-0.83)
Div. -0.0156 -0.0017 -0.0100 0.0153 0.0135 0.1027
(-1.50) (-0.17) (-0.35) (0.65) (0.70) (1.31)
Stock Return. -0.0040 0.0074∗∗ -0.0072
(-1.16) (2.02) (-0.80)
WW Index. 0.0185∗∗∗ 0.0542∗∗∗ -0.0135 0.0098 0.0185 -0.0393
(3.25) (7.69) (-0.86) (0.75) (1.29) (-0.79)
Cash Comp.t−1 0.0093 0.0058 -0.0580∗
(0.97) (0.63) (-1.78)
Inst. Own.t−1 -0.0218∗∗∗ -0.0159∗∗ -0.0473∗∗
(-3.09) (-2.54) (-2.04)
Fixed eﬀects F,T&I F,T&I F,T&I F,T&I F,T&I F,T&I
Observations 45508 45508 29416 8135 8135 4960
R2 0.875 0.877 0.490 0.904 0.897 0.515




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This study analyses the relationship among cash holdings, idiosyncratic risk, and
insider ownership. Our primary goal is to investigate an unexplored research problem:
whether and how the level of insider ownership inﬂuences the relation between corporate
cash holdings and idiosyncratic risk.
First, exploring the relationship between cash holdings and idiosyncratic risk, we
ﬁnd that idiosyncratic risk, obtained from stock returns volatility, has a positive inﬂuence
on corporate cash holdings. We also conduct a robustness check conﬁrming this ﬁnding
using alternative measures of cash holdings and idiosyncratic volatility. We identify strong
evidence that as idiosyncratic risk increases, ﬁrms tend to hold cash as a precautionary
motive.
Second, verifying that insider ownership inﬂuences corporate cash holdings, we ﬁnd
that managerial ownership negatively aﬀects corporate cash holdings. However, following
Harford et al. (2008) and Ozkan and Ozkan (2004), we ﬁnd further evidence that cash
holdings vary with the level of insider ownership. Our ﬁndings suggest that the inﬂuence
of ownership on cash holding decisions does not have a constant eﬀect, supporting the
perspective of a nonlinear relationship between ownership and cash holding decisions.
Third, examining whether the positive relationship between cash holdings and id-
iosyncratic risk is stronger when managers own a larger fraction of the ﬁrm, we identify
that ﬁrms with a higher level of insider ownership hold less cash than ﬁrms with a lower
level of managerial shareholdings, even under idiosyncratic risk eﬀect. Our ﬁndings sup-
port the agency perspective that employing equity compensation schemes might alleviate
agency problems inside ﬁrms and align managers and shareholder interests.
While our models oﬀer an explanation as to whether idiosyncratic risk inﬂuences
ﬁrms to save or not to save more cash and whether insider ownership is negatively or
positively related to corporate cash holding behaviour, the results for our third hypothesis
require further investigation. We recognise this result might be driven by endogeneity
problems inherent in ﬁrm characteristics associated with insider ownership, idiosyncratic
risk, and cash holdings that we consider in the same model. Even using control variables
and ﬁxed eﬀects because we do not have exogenous, reliable variables to instrument these
features, our speciﬁcation could not completely reﬂect the true speciﬁcation that involves
idiosyncratic risk, insider ownership, and corporate cash holdings. We believe that as the
literature improves the understanding of the relationship among these subjects and the
databases collect more accurate data, new insights will arise, and new ﬁndings can be
reached in the future.
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4 Two sides of the same coin: corporate liquidity and hedging
behavior on expected and unexpected shocks
A shock is any expected or unexpected change into a given system that belongs to
any ongoing context (T. W. Lee & Mitchell, 1994). While expected shock can be known
in advance, unexpected shock may occur but it cannot be foreseen (Norman, 2007).
Behavioral studies have coined interesting underpinnings to understand expected
and unexpected shocks at individual level. T. W. Lee and Mitchell (1994) employ a
turnover organizational model to show that a response of an individual on expected shocks
is to link his/her prior trajectory and knowledge on organization environment to decide
which decision has to be made. Then, when individual knows the potential eﬀects of
the expected event, the individual tends to react with minimal deliberation, accessing
a speciﬁc decision frame that matches the expected shock with an appropriate response
recalled from memory (T. W. Lee & Mitchell, 1994).
For instance, when a person move out to a new country, a expected shock related
to the new culture might occur. If the individual previously learns the native language
and knows the habits and rules of the new country, it is possible to quickly adjust and
integrate him/her to the new culture (David, 1971). The key of expected shocks is that
the individual can plan the next step before engaging into the shock per se (T. W. Lee &
Mitchell, 1994).
Unexpected shocks are more complex. They refer to unpredictable events that may
always occur but cannot be previously known (Norman, 2007). However, after facing un-
expected events, subjects are likely to overwhelm their reactions increasing the perceived
likelihood of a given event with more future precautionary than should do if they do not
already experience it (Fischhoﬀ, 1975).
For example, after experiencing a system crash and lose all information from the
computer memory, an individual tends to buy several devices to backup his/her personal
ﬁles and avoid future losses. In this case, although computer industry advises via manual
the importance of making data backups to avoid losses from a system crash, the person
is not aware until the event occurs (Norman, 2007).
Although identifying issues related to expected and unexpected events should be
relevant at individual level, investigating them at organization dimension might oﬀer ap-
propriate answers to how ﬁrms shape corporate decisions when expected and unexpected
shocks occur. Moreover, whether there are systematic diﬀerences in corporate paths
prompted by expected shocks and unexpected shocks.
Finance literature has attempt to discuss corporate behaviour on expected and unex-
pected events. For instance, during the 2008 ﬁnancial crisis, ﬁrms rely on cash savings and
credit lines to enhance their investment (Campello et al., 2011). Firms tend to boost their
ratios of cash reserves relative to property, plant and machine when ﬁnancial distortions
are likely to bind in the future (Almeida, Campello, & Weisbach, 2011).
The fallout from the September 11th attacks on the World Trade Center and the
Pentagon are considered as unexpected shocks in Carter and Simkins (2004). According
to the authors, several ﬁnancial consequences was produced on US commercial airlines.
First, consumers immediately gave up to travel in and out the country followed the events.
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It produced a sudden decline in air travel and an increase in the costs for airline com-
pany. Second, market negatively reacted after the unexpected shocks. All publicly traded
airlines shift their risk evaluation and airlines with lower cash holdings levels show a
signiﬁcant negative abnormal return.
Likewise, ﬁrms exposed to expected or unexpected events such as ﬁnancial risks
might use ﬁnancial hedging to increase the availability of internal funds to ﬁnance in-
vestment opportunities (Carter et al., 2006; Froot et al., 1993) and/or to avoid price
ﬂuctuations from exogenous shocks that could alter the risk of the ﬁrm's current proﬁts
(DeMarzo & Duﬃe, 1995).
If unexpected shocks increase the likelihood of bankruptcy via cash ﬂow variabil-
ity, hedging can be also employed to reduce expected shortage in cash ﬂow and decrease
the probability of default (Smith & Stulz, 1985). As a result, by decreasing expected
bankruptcy costs and the loss of growth options, hedging reduces the incentives for man-
agers to underinvest.
Altogether when external ﬁnancing is costly (Davydova & Sokolov, 2014; Denis &
Sibilkov, 2010; Almeida et al., 2004), income uncertainty is higher (Bao et al., 2012;
Riddick & Whited, 2009; Han & Qiu, 2007), price volatility is imminent (DeMarzo &
Duﬃe, 1995), and/or costs of ﬁnancial distress is present (Harford et al., 2014; Acharya et
al., 2014; Arnold, 2014), ﬁrms will be highly motivated to protect corporate value against
ﬁnancial risks. In this regard, managing these risks might be an important argument for
hedging via derivatives and holding liquid assets, respectively.
Hedging via derivatives might alleviate the eﬀect of expected and unexpected shocks
on corporate behaviour. However, under costly corporate hedging, ﬁrms might decide to
hedge less (or not hedge at all) if the marginal beneﬁt of hedging is smaller than the
marginal cost of hedging (Bolton et al., 2011).
Equivalently, cash holdings enable ﬁrms to reduce cashﬂow volatility or to attempt
valuable investment opportunities that might otherwise forego due to the costs of accessing
external capital markets (Myers, 1984). Nonetheless, holding cash is not costless, at least,
due to the presence of transaction costs, such as taxes and ﬂotation fees, imputing a value
of reserving cash (Faulkender & Wang, 2006). In additional, when holding cash produce
less return than the required cost of capital, it also implies a high opportunity cost of lost
other better investments by ﬁrms (Dittmar et al., 2003).
Firms then face a tradeoﬀ regarding their management risk tools. Both instru-
ments, cash holdings and ﬁnancial derivatives, reduce the variability in cash ﬂows gener-
ate by assets in place, decrease the external dependence of external funds and minimise
costs of agency conﬂicts and ﬁnancial distress. Therefore, what is the eﬀect of expected
and unexpected shocks on corporate cash holding arrangements when ﬁnancial deriva-
tives are used? Might there be any diﬀerences in cash decisions when ﬁrms are exposed
to expected and unexpected shocks? Do corporate cash holdings change when ﬁrms use
ﬁnancial derivatives?
Although Gamba and Triantis (2014) and Bolton et al. (2011) have recently explored
the theoretical integration between cash holdings and ﬁnancial derivatives as risk manage-
ment instruments, they do not investigate the empirical implications on the relationship
between both when ﬁrms face expected and unexpected shocks.
To analyse how ﬁrms manage their corporate liquidity and hedging policies on ex-
pected and unexpected shocks we have to identify a driving set where the conditions
and exogenous source of shocks were similar but independent from each other. Further,
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the external driver also has to be related to corporate ﬁnancial risk. Finally, to draw
inference about the causal eﬀects of binary variables (in our case, expected and unex-
pected shocks) on corporate behaviour with lower concern of endogeneity issues, these
binary variables have to be associated with external variations in corporate environment
(Roberts & Whited, 2013).
Our identiﬁcation is related to two exogenous shocks in corn market, one expected
and other unexpected. These quasiexperiments produced price volatility of corn com-
modity, a type of ﬁnancial risk that corndependent ﬁrm are subject to. We then use these
two events as quasiexperiments as both increase corn price and its volatility, oﬀering a
random and exogenous variation to test our study hypothesis.
The ﬁrst event that impacts corn prices was associated with the implementation of
The Energy Policy Act of 2005 in the United States in August, 2005. The law compelled
that American gasoline sold had to contain an increasing amount of renewable fuel stan-
dard (RFS), such as ethanol or biodiesel, starting with 4.0 billion gallons of renewables
in 2006 rising to the level of 7.5 billion gallons in 2012 (Bamberger & Behrens, 2005).
The increased use of corn in energy production created a greater linkage between
the energy markets and corn market due to demandside phenomenon (Du & McPhail,
2012). In turn, the growing corn demand of ethanol producers increased corn price and
caused an extreme corn price volatility in the corn market from mid2005 to mid2008
(Serra et al., 2010).
Higher corn prices lead to food price inﬂation, raising feed and input costs for live-
stock producers, food processors and corndependent ﬁrms. Furthermore, corn price
volatility increased the risk associated with grain merchandising and dramatically in-
creased the cost of hedging at commodity futures exchanges (Serra et al., 2010).
Although the speciﬁcation of a minimum amount of ethanol from corn was required
only in 2006 and a record 2004/05 corn crop led to an increase in beginning 2005/06
corn stocks (Baker & Allen, 2006), the price corn reaction was noticed in the mid2005,
when corn price shifts from U$ 2.00 to U$ 3.04 per bushel (USDA, 2015). The anecdotal
evidence suggests that the implementation of The Energy Policy Act of 2005 in August
inﬂuenced corn price volatility.
Nonetheless, the law was widely debated, at least, since 2003 until the ﬁnal version
in June, 2005 by the US House and Senate (Bamberger & Behrens, 2005). Following the
intuition of the demandsupply market law, it was previously expected by the market
that as the corn demand to ethanol production would increase, the corn price would be
higher. As there was a probability that corn price volatility would occur in the future we
then ascribe this ﬁrst event as an expected exogenous shock.
The second event that also impacts corn price volatility is related to a signiﬁcant
and unexpected corn shortfall that happened in the United States in July, 2012 due to a
severe drought. This unexpected climate change sharply decreases the corn supply and
increases corn prices in the American market. The USDA (2015) describes the drought
eﬀect on crops in 2012 as "the most severe and extensive drought in at least 25 years that
seriously aﬀected U.S. agriculture, with impacts on the crop and livestock sectors and
with the potential to aﬀect food prices at the retail level" (page 2).
The 2012 corn shortfall caused a loss of 25% of expected corn production and reduced
the corn yields by 17% from the previous year in the US corn market. It decreased corn
supply severely limiting corn exports and increasing corn prices (USDA, 2015). As this
second event inﬂuenced the upward movement of corn prices in the market in a signiﬁcant
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and totally unexpected way, we consider it as an unexpected exogenous shock .
We then use diﬀerenceindiﬀerence approach around these two exogenous variations
to identify whether and how the increase of a ﬁnancial risk, represented by the corn price
and its volatility, impacts corporate cash holdings and hedging behaviour on US corn
dependent ﬁrms compared to corn independent ones.
Given that cash holdings might be used to manage ﬁnancial risk, we investigate
whether and how ﬁrms react after experiencing unexpected shocks regarding their cash
management and hedging policy. We then explore if constrained ﬁrms present diﬀerent
cash decisions compared to their unconstrained peers. We also examine whether and
how ﬁnancial hedging change ﬁrm's decision to hold cash between treatment and control
groups. Finally, we investigate if there are diﬀerences in corporate risk management and
cash holdings between corndependent ﬁrms that used ﬁnancial derivatives and corn
dependent ﬁrms that do not used derivative.
We choose these quasiexperiments for several reasons. First, corn is considered the
most important grain for the American economy. Babcock and Fabiosa (2011) aﬃrm that
there is a direct link between higher corn prices and food and fuel costs in the United
States. It implies that higher corn prices translate directly into higher food, livestock
feed and fuel costs, which eventually lead to higher prices for meat, eggs, dairy products,
ethanol, gasoline, biodiesel, and transportation.
Second, both events oﬀer natural, random and exogenous variations to test our
study hypothesis and to control endogeneity problems. Third, we do not have concurrent
events during this period that could aﬀect our estimates. For instance, if an economic
recession has materialized during this period we could not aﬃrm that our results are due
to these shocks (Hart, 2013). Fourth, both scenarios are useful settings for studying the
relationship between exogenous shocks and corporate risk management.
The framework of ﬁnancial shocks as quasiexperiment was already used for ﬁnance
studies. Campello et al. (2011) investigated the interaction between internal and external
sources of liquidity on corporate decision behavior using the ﬁnancial 20082009 crisis.
Francis et al. (2014) test if banking deregulation inﬂuenced the corporate cash policies
in US ﬁrms employing the banking deregulations at state level from the 1970s to the
RiegleNeal Act of 1994. Kahle and Stulz (2013) use Lehman Brother's bankruptcy to
assess if changes in ﬁrm investment and ﬁnancing policies during the crisis was due to the
credit supply shock instead the demand shock.
Finance studies have recently employed exogenous shocks linking weather events to
productivity and risk management in farms (Cornaggia, 2013; Butler & Cornaggia, 2011)
and energy ﬁrms (Perez-Gonzalez & Yun, 2013). However, no prior study investigated
corporate ﬁnancial behavior on the context of expected and unexpected shocks via corn
price volatility.
Our dataset covers the 20042006 period and the 20112013 period corresponding
time around the expected shock related to the 2005 energy act and the unexpected shock
of the 2012 corn shortfall, respectively. Our sample is composed by ﬁrms that rely on
corn and its subproducts to produce their outputs (henceforth, corndependent ﬁrms).
To build the sample, we cross information from USDA (2015) and Center for Crops
Utilization Research (2012), selecting all ﬁrms from Compustat database that pertain
to the SIC codes related to this previous analysis. To control potential counterfactual
outcomes, we build a matched control group (henceforth, corn independent ﬁrms) from
the rest of the sample that do not belong to the corndependent ﬁrms.
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The major and new contribution of our paper to the ﬁnance literature is to present
the impact of expected and unexpected shocks related to a ﬁnancial risk on corporate cash
holdings and hedging policies. We also bridge an initial linkage between the behavioral
literature and corporate ﬁnance to study expected and unexpected events inside corpo-
rations. We also contribute with risk management literature by showing the relationship
between cash holdings and derivatives as strategic tools that ﬁrms use to manage their
ﬁnancial risks. Moreover, we present a new set to investigate how ﬁrms make their liquid-
ity and hedging decisions when facing the same ﬁnancial risk related two diﬀerent types
of shocks, one expected and another unexpected.
The paper is organized as follows. Section 2 presents some background on expected
and unexpected shocks and the paper identiﬁcation strategy. Section 3 describes the
theoretical background and hypothesis development. Section 4 provides the empirical
design of the paper. Section 5 reports the ﬁndings. Section 6 oﬀers some concluding
remarks.
4.1 Expected and unexpected shocks
A shock is something that suddenly disturbs any ongoing context (T. W. Lee &
Mitchell, 1994). A shock can be expected or unexpected. Expected shock can be previ-
ously known and prepared in advance, whereas unexpected shock may occur but it cannot
be predictable (Norman, 2007).
Behavioural studies have grounded interesting insights on expected and unexpected
shocks at individual level. Under behavioural perspective, the basic idea is to study how
individuals perceive and react to these expected and unexpected events for instance, to
better know the desired eﬀect of a given policy related to them (Slovic et al., 1975).
The psychological mechanism of employee turnover is used to explain the eﬀects of
expected shocks on individuals in T. W. Lee and Mitchell (1994). When an expected shock
occur in the organisational environment such as an acquisition, the employee tends to
access previous experience, decisions and learned responses from the memory to construct
a decision frame for the expected shock (T. W. Lee & Mitchell, 1994). If the expected
shock is previously known by the employee, it could integrate past and current eﬀorts and
activities to support the staying and leaving decisions related to his/her job. However,
if the shock could not be associated with any known trajectory or personal goals, the
employee is likely to quit the company (T. W. Lee & Mitchell, 1994).
Unexpected shocks are considered low-probability high-consequence events as they
have low probability to occur with extremely great consequences (Slovic et al., 1975).
After low-probability high-consequence events, individuals are likely to behave with pre-
cautionary and to overwhelm decisions related to the potential eﬀects of unexpected shocks
(Fischhoﬀ, 1975).
Although identifying issues related to expected and unexpected events should be rel-
evant at individual level, investigating them at organization dimension might oﬀer appro-
priate answers to what the corporate decisions should be when expected and unexpected
shocks occur.
In corporate context, Sutcliﬀe and Weick (2001) argue that organizations tend to
modify existing activities or even so innovate completely their corporate routines when
unexpected breaks through. Hendricks and Singhal (2005) aﬃrm that unexpected supply
chain disruptions increase equity risk, ﬁnancial leverage and asset risk impacting directly
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on ﬁrm's cost of capital.
Lamont (1997) show that the adverse cash ﬂow shock of 1986 in the oil sector
increases the cost of ﬁnance for oildependent ﬁrms and decreases the investments on non
oil investments by oil companies, suggesting a dependence of non-oilsegments to internal
capital markets from oilsegments.
Carter and Simkins (2004) study the market reactions to the catastrophic events of
the September 11th attacks in the United States and the Air Transportation Safety and
System Stabilization Act implemented after the events. The authors identify abnormal
returns in airline stocks after the events. The ﬁndings suggest that the market ascribed
higher concerning on the increased likelihood of ﬁnancial distress in the wake of the attacks
related to airlines with lower level of cash reserves.
Campello et al. (2011) report that ﬁrms depend upon cash savings and credit lines
to enhance their investment during the 2008 ﬁnancial crisis. Investigating the interaction
between internal and external sources of liquidity on corporate decisions over the ﬁnancial
crisis, Campello et al. (2011) ﬁnd that ﬁrms with higher cash holdings drew less funds
from credit lines than ﬁrms with lower cash retentions, even though the former ﬁrms could
access credit lines at a lower cost.
Using weather shocks to corn productivity in US corn farms from 1959 to 2010,
Bergman, Iyer, and Thakor (2015) predict that farms that faced negative weather pro-
ductivity shocks in the past exhibit lower current corn yields, lower land values and higher
costs of external ﬁnancing. Nonetheless, after a positive weather shock, farms increase
their investments, borrow less and use more internal funds to ﬁnance new investments.
As one could see, the impact of expected and unexpected shocks on corporate policies
is an underexplored issue in ﬁnance ﬁeld. Moreover, to the best of our knowledge, there is
no prior study that examined whether there are systematic diﬀerences in corporate paths
prompted by expected shocks and unexpected shocks that lead to the same ﬁnancial risk.
To examine whether ﬁrms have changed their cash and hedging policies due to
the presence of external shocks, we identify two exogenous events related to the corn
market, one expected and other unexpected. These shocks produced price volatility of
corn commodity, a type of ﬁnancial risk that corndependent ﬁrm are subject to. We
describe each event in the next section.
4.1.1 The energy policy act of 2005: The expected shock
The ﬁrst event that aﬀected corn price volatility was associated with the implemen-
tation of The Energy Policy Act of 2005 in the United States in August, 2005. The US
Energy Policy Act of 2005 introduced the Renewable Fuel Standard (RFS) program in
an eﬀort to reduce greenhouse gas emissions and expand the American renewable fuels
sector while reducing reliance on imported oil (Schnepf & Yacobucci, 2013).
The initial RFS required that a minimum of 4 billion gallons of biofuels, such as
ethanol and biodiesel, had to be used in 2006, rising to 7.5 billion gallons by 2012. Two
years later, the Energy Independence and Security Act of 2007 expanded the biofuel
mandate volumes and extended the date through 2022. In this expanded law, it was
established that an annual use of 9 billion gallons of biofuels had to be used in 2008,
rising to 36 billion gallons by 2022, with at least 16 billion gallons from cellulosic biofuels,
and a cap of 15 billion gallons for cornstarch ethanol (Schnepf & Yacobucci, 2013).
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The expectation from American Congress was the RFS program might play an im-
portant role in the development of the U.S. biofuels sector, but with considerable uncer-
tainty regarding potential spillover eﬀects in other markets and on other important policy
goals (Holt & Glover, 2006). From 2006 to 2011, corn and ethanol prices and their returns
exhibit similar dynamics to crude oil, exhibiting more comovement between ethanol and
corn since 2006 (Trujillo-Barrera et al., 2012).
Although the energy costs have historically inﬂuenced agricultural markets, Trujillo-
Barrera et al. (2012) and Du and McPhail (2012) show that the growth in cornbased
ethanol production as an renewable fuel source strengthened the relationships among the
energy and corn markets.
Trujillo-Barrera et al. (2012) identify spillovers from the crude oil market to corn
and ethanol markets and from the corn to ethanol market through the cointegrating
relationship among them. According to the authors, the eﬀect of crude oil price volatility
on corn and ethanol markets has ranged from 15% to 45%, on average, resulting a 38%
cost increase to users of corn options during periods of high variability in the crude oil
market.
After the US Energy Policy Act of 2005, corn use to produce ethanol jumps from
1,603 million bushels in 2005 to 5,200 million bushels in 2014 (USDA, 2015). The growing
corn demand of ethanol producers increased corn price and caused an extreme corn price
volatility in the corn market from mid2005 to mid2008 (Serra et al., 2010). Higher corn
prices lead to food price inﬂation, raise feed and input costs for livestock producers, food
processors and corndependent ﬁrms. Furthermore, corn price volatility increased the
risk associated with grain merchandising and dramatically increased the cost of hedging
at commodity futures exchanges (Serra et al., 2010).
Although the speciﬁcation of a minimum amount of ethanol from corn was required
only in 2006 and a record 2004/05 corn crop raised corn beginning stocks in 2005/06
(Baker & Allen, 2006), the price corn reaction was noticed in the mid2005, when corn
price shifted from U$ 2.00 to U$ 3.04 per bushel (USDA, 2015). The anecdotal evidence
then suggests that the implementation of The Energy Policy Act of 2005 in August, 2005
inﬂuenced corn price volatility, as showed in Figure 4.1.
Nonetheless, the law was widely debated, at least, since 2003 until the ﬁnal version
in June, 2005 by the US House and Senate (Bamberger & Behrens, 2005). In 2004, the
Energy Information Administration (EIA) widely disclosed through the Annual Energy
Outlook 2004 the expected discussions for 2005, describing in details the US Energy Policy
Act which have started in 2003 (EIA, 2004).
Following the intuition of the demandsupply market law, it was previously expected
by the market that as the corn demand to ethanol production should increase, the corn
price should be higher. As there was a probability that corn price volatility should be
occurred in the future we then ascribe this ﬁrst event as an expected exogenous shock.
4.1.2 The 2012 corn shortfall: The unexpected shock
The second event that also impacts corn price volatility is related to a signiﬁcant
and unexpected corn shortfall that happened in the United States in July, 2012 due to a
severe drought.








































































































































Percent of U.S. Corn Crop Used to Produce Ethanol
Corn Price [USD per bushel]
Typical Range for U.S. Corn Prices, 1980-2005
Energy Production Act of 2005
requires increasing levels of 
ethanol in U.S. gasoline
Figure 4.1: Percentage of US corn used to produce ethanol and corn prices (U$ per
bushel).
Source: Adapted from USDA agricultural prices.
events, in general due to extreme weather conditions, that generate corn production losses
(Woodard et al., 2010). According to the (FAO, 2013)'s report, these shortfalls have di-
rect and indirect economic impacts, such as reduced income for farmers and agribusiness,
risk of foreclosures on bank loans to farmers and businesses, increased prices for food and
timber, increased unemployment, reduced tax revenues, increased crime and insecurity,
and migration from rural to urban areas.
The 2012 corn shortfall caused a loss of 25% of expected corn production and reduced
the corn yields by 17% from the previous year in US market. It decreased corn supply
severely limited corn exports and increased corn prices. As noticed by Westcott and
Jewison (2013), reduced yields due to agricultural losses in corn ﬁelds in 2012 shifted the
supply curve to the left. As a result, the new equilibrium occurred with higher prices
allocating reduced quantities among corn demands.
The corn shortfall that arouse in the middle of the year due to the 2012 July drought
was signiﬁcant and totally unexpected oﬀering an ideal, random and exogenous variation
in our research to control endogeneity problems and estimate causal eﬀects. Likewise,
there is no possibility that our dependent variable used as proxy for ﬁrm value might cause
corn shortfalls. Then, corn shortfalls also do not raise concerns over reverse causality .
In contrast to other prior corn shortfalls, the consumer price index decreases after
the shock. Babcock and Fabiosa (2011) aﬃrm that the higher corn prices, the higher food
and fuel costs in the United States.
However, this trend followed a diﬀerent pattern during the 2012 corn shortfall in
US. Figure 4.2 shows a comparative behavior over the period from 1985 to 2014 among
corn market price, consumer price index for all food, corn beginning stocks, corn yield












































































Corn shortfalls were materialized in the years of 1988, 1993, 1995 and 2012, repre-
sented by the black dashed line. All them were caused by severe climate conditions that
sharply decreased the corn yield per harvested acre.
The red dotted line represents the consumer price index over the period. We indicate
with red arrows the consumer price index behavior over each corn shortfall. We do the
same procedure with the corn market price, ﬂagged by the green dashed line and green
arrows. As one can see, both lines follow each other during the corn shortfall of 1988,
1993 and 1995 years. Nonetheless, they took diﬀerent paths in 2012.
We jointly plot either the internal corn demand related to food, alcohol, industrial
and feed use of corn or the corn beginning stock to explore whether both could aﬀect
corn market price and the consumer index price. We observe a continuous increasing of
internal consume of corn from 1985 to 2014. We do not notice any pattern on the corn
beginning stocks that could change the corn price trend during the corn shortfalls.
In the 2012 corn shortfall, the anecdotal evidence suggests that ﬁrms might absorb
the increase of corn price into production costs but they do not translate into higher ﬁnal
prices to consumers as they did before in the years of 1988, 1993, and 1995. We suppose
these ﬁrms use ﬁnancial derivative or/and cash holdings to mitigate their ﬁnancial risks
(e.g. price volatility, cashﬂow ﬂuctuations) to provide additional operational and ﬁnancial
beneﬁts that could preserve liquidity for ﬁrms undertake investment opportunities or even
so amplify debt capacity. Given the totally unexpected feature of this exogenous event
we then characterise this second event as an unexpected shock.
4.2 Background and hypothesis development
In this section we present theoretical and empirical studies related to cash holdings
and corporate hedging that support our hypothesis development.
4.2.1 The precautionary motive for corporate cash holdings
When ﬁrms face any constraints or uncertainty related to future economic or busi-
ness condition, they tend to hold cash for precautionary reasons. In this regard, ﬁrms
may save cash when external ﬁnancing is costly (Denis, 2011; Almeida, Campello, &
Hackbarth, 2011; Almeida et al., 2004), income uncertainty is expected (Bao et al., 2012;
Riddick & Whited, 2009; Han & Qiu, 2007), and hedging needs is high (Acharya et al.,
2007). Precautionary cash savings also mitigate potential ﬁnance distress associated with
reﬁnancing risk (Harford et al., 2014) and liquidity risk (Acharya et al., 2014).
If markets are perfect and complete there should be no place to contracting costs,
taxes, or fees and external funds can be raised costless (Fazzari et al., 1988). Under this
condition, ﬁrms have to hold cash only for transactions motive (Almeida et al., 2004).
However, in the presence of deadweight costs of external ﬁnance, raising external funds
might be expensive increasing the ﬁrm's cost of capital (Denis, 2011). Then, if ﬁrms
potentially experience costly ﬁnancing in the future, they tend to shift their funds from
illiquid investment (e.g. plants, properties and machines) to liquid investments (e.g. cash
stocks), preserve debt capacity and bypass positive net present value projects (Almeida,
Campello, & Weisbach, 2011).
Financing frictions also induce ﬁnancially constrained ﬁrms maintain more cash bal-
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ances than unconstrained ﬁrms. As constrained ﬁrms have less access to lowcost ﬁnance
and worse balance sheet positions (Fazzari et al., 1988), they have higher cash ﬂow sen-
sitivity of cash than those classiﬁed as unconstrained (Almeida et al., 2004). Financially
constrained ﬁrms might hold cash as a hedging instrument during poor economic con-
ditions incorporating savings from incremental cash ﬂows to protect its future against
liquidity risk (Acharya et al., 2014, 2007; Almeida et al., 2004).
Employing a survey of CFOs from ﬁrms around the world during the 2008 ﬁnan-
cial crisis, Campello et al. (2010) show that ﬁnancially constrained ﬁrms intended to cut
spending in 2009 by 11% in employment, by 22% in technology, by 9% in capital expen-
ditures and by 14% in payouts as a way to protect themselves from ﬁnancial downturns.
Nonetheless, ﬁnancially unconstrained ﬁrms planned, on average, keep capital investment
constant and cut only 2.7% their employment.
In May (2014), ﬁrms with lower levels of cash holdings and higher ﬁnancial con-
straints have higher probability to lose more market value than cashricher and uncon-
strained ﬁrms. Using Lehman Brothers' bank default as a quasi-experiment, the author
identify that ﬁrms with lower cash savings and higher ﬁnancial constraints under loan
commitments with Lehman Brother's bank lost, on average, 3% more of their market
value in the days of Lehman's default than their unconstrained peers.
Kahle and Stulz (2013) also investigate the impact of the bankruptcy of Lehman
Brother's bank during the 2008 crisis on corporate capital expenditures, debt issuance,
equity issuance and cash holdings of bankdependent ﬁrms. Whereas capital expendi-
tures, debt issuance and equity issuance sharply fall after the bankruptcy of Lehman
Brother's bank, the authors ﬁnd that bankdependent ﬁrms signiﬁcantly increased their
cash holdings over the crisis period by 24% compared to the amount held before the crisis.
Shareholders also charge higher valuation in cash holdings as they perceive diﬃculty
in accessing external capital markets at low costs (Faulkender & Wang, 2006). Using non
ﬁnancial US ﬁrms over the 1971 to 2001 period, Faulkender and Wang (2006) show that
an additional dollar of internal funds hold for constrained ﬁrms is worth more U$ 0.27 to
U$ 0.63 a dollar than for unconstrained ones.
Gamba and Triantis (2008) theoretically design when ﬁrms do not face issuance
costs, these companies might raise external capital at no cost at any time. In this scenario,
there is no advantages to holding cash and the value of an additional dollar of cash balance
will be close to zero. However, when the value of an additional dollar provides the same
ﬁnancial ﬂexibility beneﬁts as does the absence of external issuance costs, ﬁrms prefer to
hold cash than issuing equity.
Myers (1984) argues that corporate liquidity enables ﬁrms to attempt valuable in-
vestment opportunities that might otherwise forego due to the costs of accessing external
capital markets. C. S. Kim et al. (1998) show that ﬁrms facing uncertain future inter-
nal funds, costly external ﬁnancing and market imperfections are likely to retain liquid
assets as an optimal response to ﬁnancing future investment opportunities. Then, the pre-
cautionary motive for holding cash also allows ﬁrms to undertake and ﬁnance expected
valueincreasing projects that should not be possible via external ﬁnancing at a fair cost
(J. Ang & Smedema, 2011; Denis, 2011; Gamba & Triantis, 2008; Almeida et al., 2004).
In Özgür Arslan et al. (2006), cash holdings are used by Turkish ﬁrms as hedging
instruments for ﬁnancially constrained ﬁrms to handle with cash ﬂow ﬂuctuations and fuel
investment opportunities. In Denis and Sibilkov (2010) cash holdings follow a hierarchical
behaviour among constrained ﬁrms. The authors identify that constrained ﬁrms with
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higher cash reserves and lower cash ﬂows have higher investment opportunities and lower
costs of external ﬁnancing than ﬁrms with lower cash ﬂows and lower cash holdings.
Likewise, a key ingredient of the need of holding cash is the ex ante uncertainty
(Tirole, 2006). When uncertainty arises ﬁrm's cash ﬂows volatility tend to be positively
related to corporate cash holdings Hugonnier et al. (2014). In this sense, higher variance of
expected cashﬂows lead to proﬁt volatility and consequently inﬂuence more cash savings
and postpone new projects by ﬁrms (Bao et al., 2012).
When uncertainty are likely to bind the future, ﬁrms with higher investment op-
portunities also can use their excess cash to reduce the outstanding debt (Acharya et al.,
2007). By reducing debt ﬁrms amplify their debt capacity. Nevertheless, if ﬁrms have
lower future investment opportunities, they prefer hold cash than pay debt to protect
themselves against default risk (Acharya et al., 2007).
Opler et al. (1999) shows that ﬁrms stockpile excess cash to cover operational losses,
rather than investing in new projects when they face proﬁt shortfalls from downturns. In
Palazzo (2012), cash ﬂow volatility from sources of aggregate risk are positively correlated
to corporate cash holdings.
Lins et al. (2010) also show that the cash reserves depend upon the economic condi-
tions. If ﬁrms expected future good conditions, credit line should be choose rather than
cash holdings. However, if ﬁrms are likely to experience economic downturns, they hold
cash as a buﬀer counter to future cash ﬂow shortfalls. In Neamtiu et al. (2014), macroe-
conomic ambiguity decreases ﬁrm investment and increases corporate cash holdings.
In Riddick and Whited (2009), the sensitivity of saving cash to cash are positively
related to the condition of productivity shocks. Positive productivity shock increases
cash ﬂows and decreases income variability, then leads a negative propensity of saving
cash from cash ﬂows. However, on the presence of negative productivity shocks, ﬁrms are
likely to increase income ﬂuctuations and save more cash from cash ﬂows than do external
ﬁnance constraints.
Analysing the ﬁnancial crises impact on corporate liquidity management in the long
term in 8 East Asian countries, Song and Lee (2012) ﬁnd that ﬁrms reduce their investment
spending vis-a-vis an increase in their cash reserves.
J. Ang and Smedema (2011) aﬃrm that corporate cash holdings are negatively
related to the probability of a future recession. According to the authors, the negative
relationship in the aggregate results are driven by ﬁnancially constrained and cash poor
ﬁrms. J. Ang and Smedema (2011) highlight that unconstrained and cash rich ﬁrms
prepare for future recession.
Considering the precautionary motive for holding cash and the inﬂuence of the ex-
ogenous shocks, we presume the following assumptions:
H1: Firms that face unexpected shocks hold more cash than ﬁrms do not experience those
shocks.
H2: Firms hold more cash after unexpected shocks than would do by facing expected shocks.




Corporate ﬁnance literature has oﬀered several evidence that hedging policy af-
fects ﬁrm's value and other ﬁnancial decisions when capital markets are not frictionless
(G. D. Haushalter, 2000; Froot et al., 1993; Smith & Stulz, 1985).
If on the one hand, nonﬁnancial ﬁrms develop capacities to handle business and
associated risks, on the other side, these companies generally do not have a competitive
edge in managing ﬁnancial risks (Aretz et al., 2007). Then, corporate hedging might oﬀer
mechanisms that mitigate ﬁrm's exposure to these ﬁnancial risks associated with, for
instance, unexpected changes in interest rates, sudden movements in commodity prices,
future cash ﬂow shortfalls, or high external ﬁnancing costs (Aretz et al., 2007).
Among these mechanisms, derivatives such as forwards, futures, swaps, and options
are hedging instruments that can mitigate potential eﬀects of ﬁnancial risks. Thus, by
using hedging instruments ﬁrms can maintain their focus on their business core and protect
themselves against risks that negatively impact on corporate policies (Froot et al., 1993).
W. R. Guay (1999) shows that changes in ﬁrm risk following changes in the derivative
use. After controlling core business risk on a sample of nonﬁnancial derivatives new users
from Compustat and CRSP databases over the 1990 to 1994 period, the author ﬁnds that
hedging through derivatives reduces ﬁrm risk.
Bartram, Brown, and Conrad (2011) also evidence that ﬁrms using ﬁnancial deriva-
tives reduce both total risk and systematic risk and have signiﬁcantly higher ﬁrm value,
abnormal returns, lower ﬁnancial distress and larger proﬁts during the 20002002 period
than those ﬁrms that do not use derivatives.
Several rationales have been presented in ﬁnance literature to explain why ﬁrms
hedge and how companies establish their purchase of hedging instruments.
Stulz (1984) suggests that corporate hedging alleviates the risk aversion of managers
who hold a relatively large portion of their wealth in ﬁrm's stakes. If hedging reduces
agency costs via lowering the risk of proﬁtable growth opportunities and then minimising
the variability in ﬁrm value, it also reﬂects on the risk aversion of undiversiﬁed managers
reducing the likelihood of managerial engaging in decreasingvalue projects (Aretz et al.,
2007).
Empirically, Tufano (1996) ﬁnds that hedging via derivatives is negatively related to
the number of options and positively associated with the value of stocks held by managers
and directors in the goldmining industry.
Hedging can be motivated by tax incentives. It is proposed that when ﬁrms face
volatile earnings, the corporate tax structure may exhibit a convex eﬀective tax function
(Smith & Stulz, 1985; Mayers & Smith, 1982). In this perspective, ﬁrms experiencing a
high probability of negative earnings are not able to fully carry forward their tax losses
to subsequent periods (Froot et al., 1993). Thus, if hedging reduces tax volatility, it also
positively impacts the value of the ﬁrm.
Hedging can be also an important tool for controlling underinvestment costs in
ﬁrms with risky debt and low ﬁrm value (Mayers & Smith, 1987). In such cases, ﬁrms do
not choose to invest even in positive net present value (NPV) projects as ﬁxed payment
obligations are high and all beneﬁts of such investments should be captured at ﬁrst place
for bondholders. However, if ﬁrms stabilize their cashﬂows through hedging, they could
ensure that positive NPV projects are accepted and as a result, ﬁrm value increases
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(Mayers & Smith, 1987; Smith, 1995).
DeMarzo and Duﬃe (1995) supplement that hedging decreases the amount of noise
and increases the informational content in the ﬁrm's proﬁt. For instance, when ﬁrms
face price ﬂuctuations, hedging can be used to reduce this variability and consequently
alter the risk of the ﬁrm's current proﬁts. Accordingly, if manager wages are connected
with the ﬁrm's performance, managers will hedge to reduce price ﬂuctuations as a way
to ensure future proﬁts and therefore their future wages. In this sense, when managers
disclosure hedging positions, shareholders learn via ﬁrm's performance about managerial
quality, mitigating a source of adverse selection within the ﬁrm (DeMarzo & Duﬃe, 1995,
1991).
Hedging can also increase debt capacity, reduce external ﬁnancing costs and decrease
the probability of future ﬁnancial distress (Leland, 1998; Froot et al., 1993; Smith & Stulz,
1985). As greater leverage may beneﬁt ﬁrms from tax savings, by doing hedging ﬁrms
amplify their debt capacity and increase their value (Leland, 1998). Highly leveraged ﬁrms
employ greater use of derivatives when facing higher expected costs of ﬁnancial distress,
as showed by Gay and Nam (1998). Furthermore, when ﬁrms hedge, the variance of ﬁrm
value tends to decrease and thereby reduces the expected costs of ﬁnancial distress (Nance
et al., 1993; Smith & Stulz, 1985).
Likewise, corporate hedging behavior is inﬂuenced by greater growth opportunities.
C. Geczy, Minton, and Schrand (1997) ﬁnd that ﬁrms with greater investment oppor-
tunities, foreign sales, and tighter ﬁnancial constraints tend to use ﬁnancial derivatives.
Employing logit regressions on nonﬁnancial ﬁrms from Fortune 500 in 1990, the authors
show that the variability in cashﬂows or accounting earnings are likely to exposure these
ﬁrms to foreignexchange risk, inﬂuencing the use of currency derivatives.
If ﬁrms have higher growth opportunities and the supply of internal funds ﬁll up
the demand on these opportunities, there is little incentives to using hedging instruments
(Froot et al., 1993). Nonetheless, higher growth opportunities also induce the underin-
vestment problem that in turn can be mitigated by corporate hedging (Graham & Rogers,
2002).
W. Guay and Kothari (2003) present an increased use of derivatives for larger and
diversiﬁed ﬁrms and for ﬁrms with greater investment opportunities. However, empirical
studies in Graham and Rogers (2002) and Mian (1996) that examine the relationship
between growth opportunities, measured by marketbook ratio, and corporate hedging
ﬁnd no signiﬁcant relation between them.
Froot et al. (1993) argue that the variability produced in ﬁrm's cashﬂows generated
by assets in place when ﬁrms do not hedge must result in either oscillation in the amount
of money raised externally or in the volume of investment. It could be exacerbated when
a shortfall in cash met an increase in outside ﬁnancing. In this regard, facing variation
in internal funds and increase in costs of external ﬁnancing, ﬁrms will bypass growth
opportunities and decrease investment amounts. By reducing cashﬂow variability, hedging
avoid disturbing both ﬁnancing and investment plans and may increase the value of the
ﬁrm (Froot et al., 1993).
Allayannis and Weston (2001) study the potential impact of the use of foreign cur-
rency derivatives on ﬁrm value in a sample US nonﬁnancial ﬁrms from 1990 to 1995. The
authors present that ﬁrm value and corporate hedging via foreign currency derivatives are
positively related. Accordingly, hedger ﬁrms have a 4.87% higher value than non hedgers
even controlling for size, proﬁtability, leverage, growth opportunities, access to external
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ﬁnancing, diversiﬁcation, credit quality, and industry, ﬁrm and time ﬁxed eﬀects.
Jin and Jorion (2006) explores the impact of hedging activities on ﬁrm value in US
oil and gas ﬁrms from 1998 to 2001. The authors do not ﬁnd a signiﬁcant eﬀect on ﬁrm
value for oil and gas producers but identify that the stock return sensitivity to commodity
prices are negatively related to corporate hedging. In C. C. Geczy, Minton, and Schrand
(2006), natural gas companies that use derivatives during the period from 1978 to 1995
also present lower gas price sensitivity than nonusers derivative ﬁrms.
Examining US airline industry during 19922003 period, Carter et al. (2006) ﬁnd
that hedging provides airline ﬁrms with the opportunity to buy assets from distressed
airlines at discounted prices during periods of high jet fuel prices and/or protects the
ability to meet previously contracted purchase commitments. According to Carter et al.
(2006), jet fuel hedging allows airline ﬁrms to manage a signiﬁcant source of variation in
their cashﬂows, and the amount of hedging is positively related to airline ﬁrm value.
Nevertheless, Carter et al. (2006) assign that the hedging premium on ﬁrm value
reﬂects those airline ﬁrms with greater ability to take advantage of the beneﬁts associated
with hedging not only by increasing the amount of fuel hedged. For instance, if ﬁrm
hedging policy is chosen optimally, ﬁrm enhance their ability to invest in economically
proﬁtable projects and have higher optimal valuations.
Graham and Rogers (2002) empirically test if hedging increases debt capacity and
tax deduction using simultaneous equations model on a sample of 442 US ﬁrms that face
ex ante currency and/or interest rate risk from 1994 to 1995 period. The authors show
that high debt ratios and expected distress costs contribute to the incentive to hedge but
no signiﬁcant evidence is found that ﬁrms engage in hedging strategy as a response to tax
function convexity.
Perez-Gonzalez and Yun (2013) estimate the eﬀect of corporate hedging on ﬁrm
value using the introduction of weather derivatives in 1997 on a sample of US utility ﬁrms
as a natural experiment. Employing diﬀerenceindiﬀerences methodology, the authors
present that weather derivatives lead ﬁrms to use more debt ﬁnancing, invest more, have
signiﬁcantly higher valuations and pursue more aggressive ﬁnancing policies.
Analysing the beneﬁts of foreign currency derivatives usage in 134 nonﬁnancial
ﬁrms listed on the New Zealand Stock Exchange, Li, Visaltanachoti, and Luo (2014) ﬁnd
no evidence supporting the notion that the use of foreign currency derivatives can enhance
a ﬁrm value in New Zealand ﬁrms.
Although corporate hedging might aﬀect ﬁrm value and allow ﬁrms to invest more
and hold less cash, ﬁrms do not engage in corporate hedging most of the time due to the
hedging cost. Under costly corporate hedging, ﬁrms might decide hedge less (or not hedge
at all) when the marginal beneﬁt of hedging is smaller than the marginal cost of hedging
(Bolton et al., 2011).
Alternatively, ﬁrms might substitute the using of costly hedging instruments when
other strategies via ﬁnancial policies are available and become more attractive. Then,
instead of using oﬀbalancesheet hedging, ﬁrms could manage their ﬁnancial risks by
structuring their assets and liabilities to decrease their exposure to these volatilities (Nance
et al., 1993).
Employing liabilities to manage risk, ﬁrms can use straight debt, preferred stock
or convertible debt. Although these ﬁnancial policies carry some advantages such as
producing tax shields (straight debt), omitting a preferred dividend (preferred stock) and
117
reducing the sensitivity of equity value to ﬁrmvalue changes (convertible debt), all three
choices might lead to bankruptcy costs if an interest payment on the debt is not met
(Nance et al., 1993).
Rather than using derivative instruments and liabilities, ﬁrms also could reduce
ﬁnancial risks by investing in more liquid assets, such as cash holdings (Froot et al.,
1993).
In Tufano (1996) and Gay and Nam (1998), there are evidence supporting the role
of cash as a determinant of derivative usage. Tufano (1996) identiﬁes that corporate
hedging appears to be higher for ﬁrms in goldmining industries with smaller outside
block holdings and lower cash balances, and whose senior ﬁnancial managers have shorter
job tenures.
Gay and Nam (1998) suggest that ﬁrms with lower cash holdings and higher growth
opportunities are likely to have a greater level of sensitivity between derivative usage and
growth opportunities. The authors show that ﬁrms with higher investment opportunity
use derivatives more when they also have relatively lower levels of cash. C. C. Geczy
et al. (2006) show that natural gas producers who use ﬁnancial derivatives also employ
other strategies such as storage, holding cash and engaging in diversiﬁcation to reduce
risk exposures.
Opler et al. (1999) examine derivative hedging among the S&P 500 companies in
1994 and found no relation between derivatives and cash holdings. Disatnik, Duchin,
and Schmidt (2013) also do not ﬁnd evidence between corporate derivative hedging and
cash policies and only a weak relationship between hedging and credit lines, marginally
signiﬁcant at the 10% level. However, Disatnik et al. (2013) document an increase of one
standard deviation in cash ﬂow hedging corresponds to an increase by 11.0% in credit
lines and a decrease by 9.6% in corporate cash holdings, at the 5% level.
J. Lee (2014) explores the eﬀect of derivatives speculation on liquidity holdings,
measured as the sum of cash holdings and credit lines, using the issuance of SFAS 133
in 1998 that requiring ﬁrms to disclose the fair amounts and purpose of all derivatives
holdings in ﬁnancial statements. The author identiﬁes a decrease in the liquidity ratio
for derivative users from 10.2% to 9.3% during the experiment period (19982000) but a
stable level at 11.2% for derivative nonusers. According to J. Lee (2014), the SFAS 133
increases the cost of derivatives speculation, decreases ﬁrm's liquidity and risk conﬁrming
the complementary relationship between derivatives speculation and liquidity holdings.
Based the perspective that cash holdings and derivative instruments are used as
substitutes to manage ﬁnancial risks, we hypothesise that:
H4: Cash holdings are negatively related to the use of derivative instruments.
Focusing on the interplay among investment, marginal q and ﬁnancing frictions,
Bolton et al. (2011) show under higher costs of external ﬁnancing, the value of ﬁrm is
sensitive to systematic and idiosyncratic risk. Then, ﬁrms may limit systematic risk
exposure by engaging in dynamic hedging via derivatives and mitigate idiosyncratic risk
by holding cash, by selling assets or even so by delaying cash payouts to shareholders to
ensure their investment spendings. Therefore, in Bolton et al. (2011)'s model ﬁnancial
hedging towards derivatives and cash holdings play complementary roles in corporate risk
management.
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Gamba and Triantis (2014) present a dynamic model that risk management strat-
egy involving liquidity management, derivatives hedging, and operating ﬂexibility, in the
presence of several frictions. Using a Monte Carlo simulation, the authors suggest that
distress costs are a key motivation for managing risk and ﬁrms may use liquidity as the
main risk management instrument regardless of derivatives contribute to eliminate the
negative impacts on ﬁrm value.
Although hedging via derivatives alleviates the eﬀect of ﬁnancial constraints by
enhancing the corporate liquidity when ﬁrms need at most, Mello and Parsons (2000)
argue that the use of derivatives is eﬃcient only for certain ﬁrms. According to the
authors, ﬁrms have to access lowest costs of external ﬁnancing and maintain cash resources
to support hedging strategies that otherwise could not be achieved in an optimal way.
Following the intuition that ﬁrms experiencing ﬁnancial risk from uncontrolled ex-
ogenous shocks tend to hold more cash when they do not use derivatives, we hypothesis
that:
H5: Firms that do not use derivatives have more cash holdings than their peers that
use derivatives.
4.3 Empirical research design
The research questions we explore in this paper are: Might there be any diﬀerences
in cash decisions when ﬁrms are exposed to expected and unexpected shocks? What is
the eﬀect of expected and unexpected shocks on corporate cash holding arrangements
when ﬁnancial derivatives are used? Do corporate cash holdings change when ﬁrms use
ﬁnancial derivatives?
Our primary aim is to investigate whether and how corporate cash holdings are
related to the use of ﬁnancial derivatives on expected and unexpected shocks. If we
observe that ﬁrms hold cash and use ﬁnancial hedge via derivatives to manage their risks,
a positive relationship between derivatives use and cash holdings should be noticed. In
this regard, cash holdings and derivative instruments will perform a complementary role
in risk management policy. Following the literature, the complementary role between
cash holdings and ﬁnancial hedging are likely to be present among companies with higher
investment opportunities.
However, if ﬁrms that use ﬁnancial derivatives reduce the amount of cash reserves
on exogenous shocks, it is expected a negative relationship between derivatives use and
corporate cash holdings. Hereof, cash holdings and ﬁnancial derivatives play a substitute
role on corporate risk management. It should be also observed that these ﬁrms might
have lower investment opportunities.
We therefore follow the model speciﬁcation of Opler et al. (1999) that account to
the impact of derivative usage on the level of cash holdings. To this end, we consider the
diﬀerence-in-diﬀerences approach around two natural experiments that impact corn price
volatilities and oﬀer a random and exogenous variation to test our study hypothesis.
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4.3.1 Identiﬁcation strategy
To examine how ﬁrms manage their liquidity and hedging policies on expected and
unexpected shocks, we identify two exogenous shocks in corn market, one expected and
other unexpected, that produced price volatility of corn commodity, a type of ﬁnancial
risk that corndependent ﬁrm are subject to. Employing scenarios where price variability
increased oﬀer a natural and exogenous source to test the inﬂuence of this ﬁnancial risk
on corporate policy and allow the research shows the importance of risk management
strategies to decision makers (Trujillo-Barrera et al., 2012).
The ﬁrst event is associated with the implementation of The Energy Policy Act of
2005 in August, 2005. The second event is related to a signiﬁcant and unexpected corn
shortfall due to a intense drought that happened in the United States in July, 2012.
In the subsequent sections, we present in detail our identiﬁcation strategy. We start
showing the importance and wide use of corn in the United States to justify our choice by
the corn production. We then present our dataset sources and our screaming procedures.
Further, we describe our empirical model speciﬁcation. Finally, we expose the dependent
variable and the control variables using in this study.
4.3.2 The importance and use of corn in US economy
Corn is the most important crop for US agricultural sector as well for the world
scenario. The United State Department of Agriculture (USDA) presents a complete report
every year about corn production, yield and use in the United States. According to
(USDA, 2015) circular series, the United States is a major player in the world corn trade
market, with about 20% of the corn crop exported to other countries. US corn crops
perform 24.36% of harvested world area, 55.08% of the world production, and they yield
126% more than the world yield, on average.
The USDA (2015) report also shows that corn has food, seed, and industrial (FSI)
uses. As food, corn is the major component of livestock feed and account for about
onethird of American domestic use. Feed use, a derived demand, is closely related to
the number of animals (cattle, hogs, and poultry) that are fed by corn. The amount of
corn used for feed also is highly dependent on the crop's supply and price, the amount of
supplemental ingredients used in feed rations, and the supplies and prices of competing
ingredients (USDA, 2015).
Corn is also an important ethanol coproduct. As ethanol production increases, the
supply of ethanol coproducts will also increase. Both the drymilling and wetmilling
methods of producing ethanol use corn to produce distillers dried grains with solubles
(DDGS), which can be used as a feed ingredient for livestock. Each 56pound bushel
of corn used in drymill ethanol production generates about 17.4 pounds of DDGS. In
the United States, cattle (both dairy and beef) have been the primary users of DDGS as
livestock feed, but increasingly larger quantities of DDGS are making their way into the
feed rations of hogs and poultry (USDA, 2015).
Table 4.1 lists the food, seed, and industrial use in the United States in million
bushels. During processing for human consumption and other industrial uses, corn is
either wet or dry milled depending on the desired end products, such as:
• Wet millers process corn into highfructose corn syrup (HFCS), glucose and dex-
trose, starch, corn oil, beverage alcohol, industrial alcohol, and fuel ethanol(USDA,
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2015);
• Dry millers process corn into ﬂakes for cereal, corn ﬂour, corn grits, corn meal, and










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Corn is the largest component of global coarse grain (corn, sorghum, barley, oats, rye,
millet, and mixed grains) trade, generally accounting for about twothirds of the volume
over the past decade (USDA, 2015). A complete picture of corn processing and usage is
provided by the Center for Crops Utilization Research (2012), as illustrated in Figure 4.3.
As one can see, corn reaches a large range of industry showing a high dependence of corn
raw materials and its subproducts by the American economy.
Corn
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Figure 4.3: Corn processing and utilization in the United States.
Source: Center for Crops Utilization Research, Iowa State University.
4.3.3 Data
Our dataset covers the period of 20042006 period and 20112013 period corre-
sponding a time around the two exogenous shocks. We use all American companies that
are publicly traded over the analysed period. Annual balance sheet data come from
Compustat database.
To gather information on derivatives usage, we collect data from three diﬀerent
sources. From Compustat we use variables such as, derivative assets current (derac),
derivative assets longterm (deralt), and gains/losses on derivatives and hedging (der-
hedgl). We manually collect derivatives data from WRDS SEC Analytics Suite and 10-Ks
using EDGAR search tool. If the ﬁrm reports the use of derivatives at least once per year
in the Compustat database, WRDS SEC Analytics Suite, or in 10Ks, we assign a value
of one and zero otherwise.
We exclude from the dataset utilities companies (Standard Industrial Classiﬁcation
Code (SIC) codes between 4900 and 4949) and ﬁnancial companies (SIC codes between
6000 and 6999). We also drop ﬁrmyear observations with SICmissing codes, with miss-
ing values for all variables and with negative values of stock prices, capital expenditure,
assets and sales revenue. We winsorize our data by year at 0.5% and 99.5% levels in all
speciﬁcations as a way to eliminate the eﬀect of outliers. After all procedures and the
matching process, we obtain a ﬁnal sample of 4,039 ﬁrms and 7,046 ﬁrmyear observations.
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4.3.4 Model speciﬁcation
To test our hypothesis we employ diﬀerence-in-diﬀerences methodology around the
two exogenous variations on corn market that caused the corn price volatility during these
events, the 2005 Energy Policy Act and the 2012 corn shortfall.
Diﬀerence-in-diﬀerences estimators integrate the advances of the ﬁxed eﬀects es-
timators with the causal inference analysis when unobserved events or characteristics
confound the interpretations (Angrist & Pischke, 2009). Using diﬀerence-in-diﬀerences,
we can compare the average eﬀect of the use of derivatives on corporate cash holdings for
groups aﬀected by the shocks (henceforth, treated) with those that are not aﬀected by
the shocks (henceforth, control).
Our treated group is composed by ﬁrms that rely on corn and its subproducts to
produce their outputs. To built the treatment group, we cross information from USDA
(2015) and Center for Crops Utilization Research (2012), selecting all ﬁrms from Compu-
stat database that pertain to the SIC codes related to this previous analysis. We use the
30industry classiﬁcation available at French (2015)'s website to classify each segment in
our sample, as showed in Table 4.2. Our control group is all ﬁrms that do not belong to
the SIC codes listed in Table 2.
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Table 4.2: Standard industry classiﬁcation (SIC) codes of corn-dependent ﬁrms
Industry segment SIC code Description
Agriculture. 0100-0299 Agric production - crops & livestock.
0700-0799 Agricultural services.
0910-0919 Commercial ﬁshing.
2048-2048 Prepared feeds for animals.




2060-2063 Sugar and confectionery products.
2070-2079 Fats and oils.
2090-2092 Misc food preps.
2095-2095 Roasted coﬀee.
2098-2099 Misc food preparations.
Candy & Soda. 2064-2068 Candy and other confectionery.
2086-2087 Bottled-canned soft drinks and ﬂavouring syrup.
2096-2097 Potato chips and manufactured ice.
Beer & Liquor. 2080-2080 Beverages.
2082-2085 Malt beverages, wine, distilled and blended liquors.
Smoke. 2100-2199 Tobacco products.
Consumer Goods. 2840-2843 Soap and other detergents.
2844-2844 Perfumes cosmetics.
3172-3172 Personal leather goods, except handbags.
3190-3199 Leather goods.
Apparel. 3020-3021 Rubber and plastics footwear.
Pharmaceutical Products. 2830-2834 Drugs, biological products, medicinal chem. and pharmac. preparations.
Chemicals. 2850-2879 Paints, industrial organic chems, agriculture chemicals.
2890-2899 Misc chemical products.
Rubber and Plastic Products. 3031-3031 Reclaimed rubber.
3041-3041 Rubber and plastic hose and belting.
3050-3053 Gaskets, hoses, etc.
3060-3069 Fabricated rubber products.
3070-3099 Misc rubber and plastic products.
Textiles. 2200-2279 Textile mill products, ﬂoor covering mills.
2280-2284 Yarn and thread mills.
2290-2295 Misc textile goods.
2297-2298 Nonwoven fabrics, cordage, twine, and misc textile products.
2393-2395 Textile bags, canvas products.
2397-2399 Misc textile products.
Construction Materials. 2660-2661 Building paper and board mills.
Wholesale. 5100-5100 Wholesale - nondurable goods.
5110-5113 Wholesale - paper and paper products.
5120-5122 Wholesale - drugs.
5140-5149 Wholesale - groceries and related prods.
5150-5159 Wholesale - farm products.
5160-5169 Wholesale - chemicals and allied prods.
5180-5182 Wholesale - beer, wine.
Retail. 5400-5400 Retail - food stores.
5410-5411 Retail - grocery stores.
5420-5429 Retail - meat, ﬁsh mkt.
5430-5439 Retail - fruit and vegetable markets.
5440-5449 Retail - candy, nut, confec. stores.
5450-5459 Retail - dairy product stores.
5460-5469 Retail - bakeries.
5540-5549 Retail - gasoline service stations.
5910-5912 Retail - drug and proprietary stores.
5920-5929 Retail - liquor stores.
5980-5989 Retail - fuel and ice stores.
Meals. 5800-5819 Retail - eating places.
5890-5899 Eating and drinking places.
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We also further test whether corndependent ﬁrms that used derivative instruments
retain less cash than corndependent ﬁrms that do not use derivatives. To do so, we run
crosssection regressions with a similar speciﬁcation of the DID approach for every year
from the shocks to compare the average eﬀect of the use of derivatives on cash holding
levels for the corndependent ﬁrms.
In our model, the dependent variable is net cash holdings, measured by the ratio
of cash and cash equivalents (CHE in Compustat) to total assets (AT) less CHE, as
traditionally used by cash holding literature (e.g., Bates et al., 2009; Opler et al., 1999).
The independent variables are the derivative usage dummy that takes the value of one
when ﬁrms employ derivatives as ﬁnancial risk instrument and zero otherwise, such as
in (Opler et al., 1999), and control variables employed for prior studies that inﬂuence
cash holdings such as leverage, cash ﬂow, R&D, net working capital, acquisitions, ﬁrm
size, capital expenditures, market-to-book, dividend, cash ﬂow volatility and industry
variability (e.g., Bates et al., 2009; Harford et al., 2008; Opler et al., 1999).
To proceed the empirical analysis of our hypothesis we use the following baseline
regression model as in Equation 4.1:
Cashholdingsi,t = β1 + β2Treati + β3Posti,t + β4(Treat ∗ Post)i,t + β5Hedgei,t
+γ1Zi,t + ηi + %t + υi,t.
(4.1)
Where: Cash holdings i,t = cash holdings measured by cash and cash equivalents divided
by total assets minus cash and cash equivalents (net assets).
Treati = a dummy equal one if the observation is in the treatment group and zero if
otherwise.
Posti,t = a dummy equal one if the observation occurred the year after the shock.
Treat*Posti,t = interaction between treatment group and period post shock.
Hedge = 1 if ﬁrm uses ﬁnancial derivatives; 0 otherwise.
Zi,t = vector of control variables.
ηi = ﬁrm ﬁxed eﬀects.
%t = industry ﬁxed eﬀects.
υi,t = error term.
The variable of interest for the DID analysis is the β4, which captures the diﬀerence
indiﬀerences eﬀect. To test our third hypothesis related to the presence of ﬁnancial
constraints we consider three measures of ﬁnancial constraints as in Riddick and Whited
(2009) and Almeida et al. (2004): size, bond rating and Whited and Wu index. Size is
measure as the logarithm of book value of assets. Bond ratings represent credit worthi-
ness of corporate evaluated by agencies based on the history of ﬁnancial and operating
performance (Riddick & Whited, 2009).
Whited and Wu index is computed as in Whited and Wu (2006), according to
Equation 4.2:
WWi,τ = −0.091CFi,τ − 0.062DIVPOSi,τ + 0.021TLTDi,τ
−0.044LNTAi,τ − 0.035SGi,τ + 0.102ISGi,τ .
(4.2)
Where for ﬁrm i in year τ , CFi,τ is the ratio of cash ﬂow to total assets minus cash
and marketable securities, DIVPOSi,τ is an indicator that equals one if the ﬁrms pays
dividend and zero otherwise, TLTDi,τ is the ratio of long-term debt to total assets minus
cash and marketable securities, LNTAi,τ is the natural log of total assets, SGi,τ is sales
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growth computed as Salesτ/Salesτ−1, and ISGi,τ is the ﬁrm's three-digit industry sales
growth. The higher WW index value, the greater ﬁnancial constraint degree (Whited &
Wu, 2006).
We sort ﬁrms annually into three groups, based on the degree of ﬁnancial con-
straints. For size and Whited and Wu index, we assign to the ﬁnancially constrained
(unconstrained) group those ﬁrms in the bottom (top) three deciles of the size distribu-
tion, as in (Almeida et al., 2004). For bond rating, we ascribe ﬁrms that never had their
public debt rated during our sample period as ﬁnancially constrained, and unconstrained
otherwise Riddick and Whited (2009).
We employ Equation 4.1 separately for each pooled tercile. The set of controls
includes size, cashﬂow, net working capital, growth opportunities, cash ﬂow volatility,
capital expenditures, leverage, dividend, research and development, acquisitions, and in-
dustry volatility.
To satisfy the linear speciﬁcation assumptions concerning the presence of heteroscedas-
ticity and autocorrelation in the model, we apply the BreuschPagan test and Durbin
Watson statistic. The parameters reject the nullhypothesis of no heteroscedasticity and
no autocorrelation. Therefore, we employ robust standard errors clustered at the ﬁrm
level and, depending on the model speciﬁcation, we include ﬁrm dummies to control ﬁrm
eﬀects and industry dummies to mitigate industry eﬀects.
We also use the variance inﬂation factor (VIF) for each of the explanatory variables
within the model to check the presence of collinearity. Values larger than 10, or average
values of the VIF factors larger than one, suggest evidence of collinearity Wooldridge
(2012). The VIF test on each regressor does not present a VIF superior to 10 or average
values of the VIF factors larger than one (our average VIF is 1.67).
4.3.5 Identiﬁcation assumptions for diﬀerence-in-diﬀerences methodology
The key assumption for the diﬀerencesindiﬀerences strategy is that the outcome
in treatment and control group would follow the same time trend in the absence of the
treatment (Angrist & Pischke, 2009). Figure 4.4 shows the parallel trends for treatment
and control group before each shock.
Figure 4.4 plots the parallel trend of net cash holdings between the treatment and
control group and the potential trendline in the absence of both shocks. As can be seen,
there is no trends between both groups before the exogenous shocks in 2005 and 2012.
Nonetheless, the net cash holdings of treatment group increase after the 2005 Energy Act
and decrease followed the 2012 corn shortfall.
From the model speciﬁcation in Equation 4.1, the dummy variable Treat captures
the diﬀerences between the treatment and control groups prior to the shock. The time
period dummy, Post, captures aggregate factors that would cause changes in cash holdings
even in the absence of the shock. The coeﬃcients of our interest, TreatxPost, multiply
the interaction term, Treat x Post, which is the same as a dummy variable equal to one
for those observations in the treatment group in the second period. The diﬀerence-in-
diﬀerences estimate is given to Equation 4.4:
Treatxpost1 = y¯Post,Treated − y¯Post,Control − y¯Before,Treated − y¯Before,Control. (4.3)
However, even though no trends should be observed, for eﬃcient causal inference
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Figure 4.4: The parallel trend of net cash holdings (dependent variable): treatment and
control group
and good estimation of the unobserved potential outcomes, treated and control groups
have to be as similar as possible (Stuart, 2010).
In this regard, if the groups are very diﬀerent from each other, the prediction of
yPost,Control for the control group will be made using information from ﬁrms who look very
diﬀerent from themselves, and likewise for the prediction of yBefore,Treated for the treated
group. Then, designing a nonexperimental study as would be a randomized experiment,
it is suggested the use of matching methods (Stuart, 2010).
Among matching methods, the propensity score facilitates the construction of matched
sets with similar distributions of the covariates, without requiring close or exact matches
on all of the individual variables (Stuart, 2010). We then implement propensity score
matching to ensure that our results are driven by the chance error not due to the diﬀerent
distribution of characteristics of treated and untreated group (Roberts & Whited, 2013).
Following Stuart (2010), we implement the propensity score matching in three steps:
• Determining the "closeness". In other words, to choose the distance measure used
to determine whether a ﬁrm is a good match for another;
• Implementing a matching method, given that measure of closeness;
• Assessing the quality of the resulting matched samples.
128
The closeness involves two procedures: which covariates to include and how to
combine those covariates into one distance measure. To satisfy there are no unobserved
diﬀerences between the treatment and control groups, conditional on the observed co-
variates, it is important to include in the matching procedure the variables known to be
related to both treatment assignment and the outcome (Roberts & Whited, 2013). Never-
theless, Rosenbaum (1984) explains that should not be included in the matching process
any variable that may have been aﬀected by the treatment of interest.
The distance measure indicates the proximity that treated and matched observations
are from each other. Moreover, observing the distance measure is an important step
to ensure the overlap assumption across the treatment and comparison groups. The
overlap assumption states that each ﬁrm has to have a positive probability of receiving
the treatment level. In other words, the treatment and control groups have to pertain to
the same common support.
If observations lie outside of that range, it could suggest that there are some indi-
viduals who always receive a treatment and some who would never receive a treatment.
Thus, it could produce biased estimators (Roberts & Whited, 2013).
We then build our matched sample based on ﬁrm size measured as logarithm of
ﬁrm's total assets, as in Y. Chen et al. (2015) and Irani and Oesch (2013). We then start
running a logistic model to predict the probability that a ﬁrm is treated based on its
pretreatment characteristics. As aﬃrmed by Stuart (2010), logistic model regression is
a common procedure used to estimate propensity score.
The matching method that yields the best balance was the NearestNeighbor Match-
ing (NN Matching) with replacement. This approach allows us to select a control unit
that could be a best match for more than one treated unit (Stuart, 2010). Indeed, this
matching algorithm do not narrow the sample as other methods, such as Kernel and exact
matching, did. The ﬁnal matched sample based on these requirements is 7,000 observa-
tions which 1,800 observations from treatment group and 5,200 from control group over
the whole period.
Even if pretrends and treatment and control groups are similar one still has to
worry about other shocks that occur at the same time. We control ﬁrm and industry
eﬀects to avoid estimator bias that could be associate with diﬀerences at ﬁrm or industry
levels. We further do not identify any other simultaneous shocks that might aﬀect our
economic outcomes.
Hart (2013) examines the factors that shape the cyclical patterns in corn crop returns
over the period from 1968 to 2012. The author points the years of 1970, 1974, 1980,
1982, 1990, 2001 and 2008 as periods that general economy was in recession and in turn
could aﬀect corn yields. However, Hart (2013) shows that the large price swings during
recessions were no larger than those were during good economic times. Thus, corn prices
are not driven by recession periods. Moreover, there is no recession during our sample
period either from 2004 to 2006 or from 2011 to 2013.
After considering all identiﬁcation assumptions required by diﬀerence-in-diﬀerence
methodology, it may be possible observe the treatment eﬀect on treated group and infer
that the diﬀerences between treated and control group is due to the chance error and not
related to selection bias or counterfactual outcomes (Roberts & Whited, 2013).
Although the DID speciﬁcation allows us to control for omitted variables that aﬀect
both the treatment and the control group in a similar manner, identiﬁcation of the causal
eﬀect requires controlling for any systematic shocks to the treatment group that are
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correlated with the cash holdings. To avoid that our estimates reﬂect other diﬀerences
between the treatment and control groups that could be not related to the eﬀect of each
shock, we include control variables associated with ﬁrmspeciﬁc factors into regression
model, as in Bates et al. (2009). We present our model variables in the next section.
4.3.6 Dependent and independent variables
We build all dependent and independent variables based on prior literature related
to the cash holdings and ﬁnancial derivatives (e.g., Bates et al., 2009; Opler et al., 1999).
Following Bates et al. (2009), the dependent variable in our model is net cash hold-
ings measured as the ratio of cash and equivalents to total assets less cash and equivalents.
The main independent variable is the derivative usage measured as a dummy variable that
equals 1 for ﬁrms that use ﬁnancial derivatives and 0 otherwise.
We also built dummies to evaluate the observation of treatment group (Treati), the
period post shocks (Posti) and the interaction between both (Treat*Posti,t). The inter-
action between the treatment group and post period shock is the variable that captures
the diﬀerenceindiﬀerences eﬀect.
The vector of controls Zi,t includes lagged cash holdings, leverage, R&D, capital
expenditures, net working capital, dividend dummy, acquisitions, ﬁrm size, market-to-
book, cash ﬂow volatility and industry volatility.
We control for ﬁrm size because of standard arguments of economies of scale in
cash holding literature that larger ﬁrms have lower issuance and external ﬁnancing costs
that enable them to hold less cash (Almeida et al., 2004). Firm size is measured as the
logarithm of total assets.
We control for capital expenditures and acquisitions because ﬁrms might decrease
cash savings to pay investments and acquisitions (Opler et al., 1999). We also control net
working capital as it might be a substitute for cash (Bates et al., 2009). We expect all
coeﬃcients from these variables to be negative.
As cash ﬂow volatility and industry volatility are likely to positively aﬀect cash
holdings (Harford et al., 2008; Opler et al., 1999), we control them in the model. We
also include lagged net cash holding ratio to minimise potential endogeneity concerns and
delayed adjustments of cash structure that could bias our estimates.
We also control R&D as ﬁrms with higher R&D expenses tend to hold more liquid
assets (Opler et al., 1999). Dividend payments are likely to aﬀect negatively cash holdings
as ﬁrms that pay dividends tend to be less riskier and have higher access to capital markets
(Bates et al., 2009). We then control dividend payout through dividend dummy into the
model.
Leverage may produce two diﬀerent eﬀects on cash holdings. Highly leveraged ﬁrms
might hold more cash to avoid future ﬁnancial constraints (Acharya et al., 2007) or it
also might incentive ﬁrms to hold less cash to decrease its debt (Francis et al., 2014). We
control leverage in the model but we do not deﬁne an expected signal from this variable.
Firms with higher cash ﬂows are likely to reserve more cash and have better invest-
ment opportunities. We then control cash ﬂows and investment opportunities into the
model. We use market-to-book ratio as proxy for investment opportunities (Bates et al.,
2009).
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We describe all dependent and independent variables in Table 4.3.
Table 4.3: Variable name, database source, deﬁnition, predicted signal, and references.
Variable Deﬁnition References
Net Cash Holdings (Net Cash).
Cash and cash equivalents (CHE)/ Total As-
sets (AT)CHE.
Bates et al. (2009).
Treat.
Treat=1 if corn-dependent ﬁrm; treat=0, oth-
erwise.
Treated
Treated=1 if corn-dependent ﬁrm. & deriva-
tive user; treated=0, corn-dependent ﬁrm &
non derivative user.
Hedge.




(Short-term debt (DLC) + long-term debt




Common shares outstanding (CSHO) times
price close annual ﬁscal year (PRCCF ) plus
book debt (BD) / Assets total (AT) minus
CHE.
Harford et al. (2008).
Cashﬂow (Cﬂow).
Operating income before depreciation
(OIBDP) / Assets total (AT) minus CHE.
Harford et al. (2008).
Firm Size. Logarithm of total assets (AT). Bates et al. (2009).
R&D.
R&D (XRD) / Sales (SALE), which equals
zero if missing.
Bates et al. (2009).
Net Working Capital (Nwc).
Current assets (ACT) minus CHE minus cur-
rent liabilities (LCT))/ Assets total (AT) mi-
nus CHE.
Bates et al. (2009).
CapEx.
Capital expenditures (CAPX) / Assets total
(AT) minus CHE.
Harford et al. (2008).
Industry Volatility (Indvol).
Mean of the standard deviations of ﬁrm's cash-
ﬂow over 10 years for ﬁrms in the same indus-
try, as deﬁned by three-digit SIC codes.
Bates et al. (2009).
Cash ﬂow Volatility (Cfvol).
Firm's standard deviation of the cashﬂow ra-
tio for the past 10 years.
Bates et al. (2009).
Acquisition (Acq).
Acquisition (AQC) / Assets total (AT) minus
CHE.
Harford et al. (2008).
Dividend (Div).
Indicator variable that equals one if ﬁrm i paid
cash dividends in year t.
Bates et al. (2009).
Whited Wu Index (WW).
WWi,t =  0.091*CFi,t  0.062*DIVPOSi,t +





Table 4.4 reports summary statistics for variables used in the analysed period. Firms
are classiﬁed as corndependent if they depend on corn at any production level. Panel
A reports summary statistics (mean, standard deviation, median, and number of obser-
vations) for the whole sample used in the analysis. Panel B describes the descriptive
statistics for corndependent ﬁrms and corn independent ﬁrms. Panel C presents sum-
mary statistics for corndependent ﬁrms that used or not used derivatives as ﬁnancial
instrument risk. All variables are winsorised at 5st and 95th percentile to mitigate the
eﬀect of any outliers.
The average and the median corporate cash holdings of net assets for all ﬁrms is
52.59% and 16.74% respectively. Corndependent ﬁrms hold, on average, 58.95% of their
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Table 4.4: Summary statistics for variables around the expected and unexpected shocks:
2004, 2006, 2011 and 2013.
Panel A: All ﬁrms.
Variable Mean Median Std Deviation N. Obs
Net Cash. 0.5259 0.1674 0.8598 7,046
Lev. 0.1654 0.101 0.1897 7,015
Mtb. 1.8621 1.4731 1.2038 7,022
Cﬂow. 0.0596 0.1065 0.182 7,043
Firm Size. 6.0487 5.9322 1.9007 7,046
R&D. 0.1108 0.0053 0.2458 6,903
Nwc. 0.0296 0.048 0.2503 6,963
Capex. 0.0479 0.0315 0.0475 7,046
Indvol. 0.1684 0.0876 0.2583 6,996
Cfvol. 0.0861 0.0517 0.0932 7,005
WW. -0.2672 -0.2703 0.1171 6,793
Panel B: Corn dependent ﬁrms (treatment group).
Variable Mean Median Std Deviation N. Obs
Net Cash Holdings. 0.5895 0.1318 1.0075 1,796
Lev. 0.1625 0.1227 0.1663 1,788
Mtb. 2.1072 1.6728 1.3242 1,790
Cﬂow. 0.0466 0.1189 0.2194 1,794
Firm Size. 6.2304 6.1387 2.1311 1,796
R&D. 0.1573 0.0081 0.319 1,752
Nwc. 0.0026 0.0422 0.267 1,793
Capex. 0.0449 0.0319 0.0429 1,796
Indvol. 0.1698 0.0642 0.1667 1,773
Cfvol. 0.0898 0.0451 0.1073 1,779
WW. -0.2647 -0.272 0.1355 1,715
Panel C: Corn independent ﬁrms (control group).
Variable Mean Median Std Deviation N. Obs
Net Cash. 0.5042 0.1819 0.8021 5,250
Lev. 0.1664 0.0918 0.1971 5,227
Mtb. 1.7783 1.4207 1.1479 5,232
Cﬂow. 0.0641 0.1023 0.167 5,249
Firm Size. 5.9866 5.8953 1.8112 5,250
R&D. 0.095 0.0038 0.213 5,151
Nwc. 0.0389 0.0498 0.2435 5,170
Capex. 0.0489 0.0313 0.0489 5,250
Indvol. 0.1679 0.0904 0.2828 5,223
Cfvol. 0.0849 0.0544 0.0879 5,226
WW. -0.268 -0.2696 0.1102 5,078
net assets in cash and cash equivalents while cornindependent ﬁrms maintain 50.42%.
On average, corndependent ﬁrms and cornindependent ﬁrms have similar leverage ratio,
size, cash ﬂows, capital expenditures, industry volatility, cash ﬂow volatility and ﬁnancial
constraint index (Whited and Wu index). However, there are apparent diﬀerences in
means on R&D and net working capital between the sample groups.
R&D ratio is 15.73% of sales for corndependent ﬁrms and 9.5% for cornindependent
ﬁrms, on average. On the one hand, ﬁrms with higher R&D expenditures consume more
cash to ensure the operational viability of R&D projects (Opler et al., 1999). On the
ﬂip side, higher R&D spending ratios indicate those ﬁrms with greater costs of ﬁnancial
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distress and could inﬂuence more cash retention (Bates et al., 2009).
Net working capital (current assets less current liabilities) is 2.96% of net assets, on
average, for all ﬁrms, 0.26% for corndependent ﬁrms and 3.89% for corn independent
ﬁrms. Net working capital captures multiple dimensions of ﬁrms' adjustments to operating
and ﬁnancial conditions. It measures the company's ability to pay oﬀ its current liabilities
with current assets and signs the ﬁrm's shortterm liquidity position (Sagan, 1955).
Basically, if ﬁrm's net working capital position is tight but ﬁrm can postpone tax
liabilities and other payables to the next period, it should be not a ﬁnancial concerning
as there is no need to borrow funds from the market. Nonetheless, if ﬁrm's net working
capital is low and unexpected inventories spending or/and receivable volatilities are likely
to bind ﬁrm's balance sheet, it might be forced the ﬁrm to borrow funds to meet short
term obligations (Sagan, 1955). We further investigate when corndependent ﬁrms might
have a higher diﬀerence in means of net working capital related to the control group.
In this regard, we apply a twotailed ttest to compare if the means of variables for
corporate decisions between corndependent ﬁrms and control group are the same. We
further analyse if the means of corporate policies between corndependent ﬁrms that used
derivatives and corndependent ﬁrms that do not used derivatives are the same.
Table 4.5 presents the univariate analysis with the diﬀerence in means between
sample groups. In Panel A, the treated variable is coded as 1 if the ﬁrm is aﬀected by the
exogenous shock (corndependent) and zero if the ﬁrm is not aﬀected by the shock (corn
independent). In Panel B, the treated variable is coded as 1 if the ﬁrm is aﬀected by the
exogenous shock and it uses derivative instruments and zero if the ﬁrm is aﬀected by the
shock however it does not use derivative instruments.
The results of both panels show a simple "pre" and "post" analysis using time
averages before and after the shocks. It can be seen in Panel A that there are, at least, a
90% chance that the average between corn independent ﬁrms and corn dependent ﬁrms
around expected shock on lagged net cash holdings, markettobook, acquisitions, R&D,
net working capital, capital expenditures, and Whited and Wu index variables are diﬀer-
ent.
The initial concern on the large diﬀerence between the average net working capital
for corndependent ﬁrms and cornindependent ﬁrms is basically restricted to the post
period of the expected shock.
In Panel B, the analysis considers the corndependent ﬁrms that used and not used
ﬁnancial derivatives. We observe there are diﬀerences in means on net cash holding and
leverage on whole period. We also regard that there are diﬀerences in means on market
tobook former the expected shock, on capital expenditures after the expected shock and
on net working capital before the expected shock and prior and after the unexpected
shock.
Next, to test our hypothesis we employ diﬀerenceindiﬀerences regressions around
the two events, the expected shock from the 2005 Energy Act and the unexpected shock
from the 2012 Corn Shortfall.
4.4 Results and discussions
Following the univariate analysis, we examine the inﬂuence of expected and un-
expected exogenous shocks on corporate cash holding and hedging policies considering
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Table 4.5: Univariate analysis  Diﬀerence in means between sample groups.
Panel A:
Diﬀerence in means: Expected shock Unexpected shock
Corn independent ﬁrms versus Corndependent ﬁrms. 2004 2006 2011 2013
L. Net Cash. -0.0239 -0.201∗∗∗ -0.0382 -0.0636
(-0.55) (-4.23) (-0.79) (-1.30)
Lev. -0.00805 -0.000777 0.00966 0.0190
(-0.85) (-0.09) (0.79) (1.73)
Mtb. -0.211∗∗∗ -0.247∗∗∗ -0.381∗∗∗ -0.527∗∗∗
(-3.37) (-4.08) (-5.84) (-7.24)
Cﬂow. 0.0122 0.0461∗∗∗ 0.00290 0.00270
(1.36) (4.47) (0.29) (0.26)
Acq. 0.00484∗ 0.00606∗∗ 0.00550∗ 0.000239
(2.13) (2.75) (2.36) (0.11)
R&D. -0.0611∗∗∗ -0.0970∗∗∗ -0.0440∗∗ -0.0392∗∗
(-4.63) (-7.15) (-3.29) (-2.89)
Nwc. 0.0253∗ 0.0572∗∗∗ 0.0363∗ 0.0227
(2.00) (4.28) (2.54) (1.55)
Capex. 0.000336 0.00569∗ 0.00721∗∗ 0.00311
(0.14) (2.24) (2.65) (1.10)
Cfvol. 0.00759 -0.00643 -0.00800 -0.0149∗∗
(1.60) (-1.30) (-1.46) (-2.80)
WW. 0.0283∗∗∗ -0.0199∗∗ -0.0237∗∗∗ -0.00131
(4.78) (-3.08) (-3.52) (-0.19)
Panel B:
Diﬀerence in means: Expected shock Unexpected shock
Corndependent ﬁrms nonderivative user versus
Corndependent ﬁrms derivative user 2004 2006 2011 2013
Net Cash 0.539∗∗∗ 0.711∗∗∗ 0.636∗∗∗ 0.603∗∗∗
(5.80) (3.48) (7.15) (6.75)
Lev -0.0850∗∗∗ -0.0939∗∗∗ -0.0847∗∗∗ -0.0487∗∗
(-5.07) (-3.36) (-4.60) (-3.30)
Mtb 0.357∗∗ 0.359 0.126 0.242
(2.75) (1.59) (0.94) (1.70)
Cﬂow -0.120∗∗∗ -0.135∗∗ -0.124∗∗∗ -0.129∗∗∗
(-6.12) (-3.16) (-6.12) (-6.18)
Acq -0.00943∗ -0.0192∗∗ -0.0125∗∗ -0.00289
(-2.24) (-2.74) (-3.30) (-0.72)
R& D 0.181∗∗∗ 0.202∗∗ 0.153∗∗∗ 0.113∗∗∗
(5.59) (3.22) (5.42) (3.95)
Nwc -0.0554∗ -0.0683 -0.0885∗∗ -0.0919∗∗∗
(-2.23) (-1.35) (-3.27) (-3.51)
Capex -0.00175 -0.0215∗∗ -0.00302 0.000836
(-0.40) (-2.68) (-0.77) (0.19)
Cfvol 0.0609∗∗∗ 0.0559∗∗ 0.0742∗∗∗ 0.0725∗∗∗
(6.41) (2.91) (6.87) (6.85)
WW 0.108∗∗∗ 0.116∗∗∗ 0.134∗∗∗ 0.125∗∗∗
(9.13) (4.62) (10.79) (10.67)
t statistics in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
multivariate regression through diﬀerenceindiﬀerences approach. Our intuition is that
unexpected shock tend to inﬂuence ﬁrms hold more cash on the post period than does
expected shocks. We control for prior known determinants of cash holdings as suggested
by Bates et al. (2009). We also include ﬁrm and industry ﬁxed eﬀects to control for
crosssectional systemic variations in cash holding policies across ﬁrms and sectors. We
clustered robust standard errors at ﬁrm level.
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4.4.1 The impact of expected and unexpected shocks on corporate cash hold-
ings
When ﬁrms face any uncertainty related to future economic or business condition,
they tend to hold cash for precautionary reasons. Then, we test our ﬁrst hypothesis that
ﬁrms that face unexpected shocks hold more cash than ﬁrms do not experience those
shocks. Table 4.6 reports our ﬁndings.
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Table 4.6: The impact of expected and unexpected shocks on cash holdings.
Panel A: Expected shock Unexpected shock
Dep Variable: Net Cash
Treat.a -0.0698∗∗ -0.1126∗∗∗ -0.1053∗∗∗ -0.1881∗∗∗









L. Net Cash. -0.0040 -0.0037 0.1138∗∗∗ 0.1144∗∗∗
(-0.27) (-0.26) (4.39) (4.42)
Lev. -0.9874∗∗∗ -1.0035∗∗∗ -0.6537∗∗∗ -0.6650∗∗∗
(-15.04) (-15.00) (-8.96) (-9.14)
Mtb. -0.0113 -0.0124 -0.0117 -0.0105
(-0.84) (-0.91) (-0.73) (-0.65)
Cﬂow. 0.2153 0.2195∗ 0.5829∗∗∗ 0.5846∗∗∗
(1.61) (1.65) (3.66) (3.70)
Acq. -1.9225∗∗∗ -1.8484∗∗∗ -1.4949∗∗∗ -1.4612∗∗∗
(-9.79) (-9.30) (-7.31) (-7.03)
Firm Size. -0.0380∗∗∗ -0.0396∗∗∗ -0.0414∗∗∗ -0.0441∗∗∗
(-5.22) (-5.41) (-4.97) (-5.15)
R&D. 1.5393∗∗∗ 1.4743∗∗∗ 1.5440∗∗∗ 1.4388∗∗∗
(14.29) (13.21) (12.41) (11.09)
Nwc. -0.8075∗∗∗ -0.8638∗∗∗ -0.8423∗∗∗ -0.9265∗∗∗
(-11.20) (-10.86) (-8.77) (-9.08)
Capex. -2.2580∗∗∗ -2.0895∗∗∗ -2.1461∗∗∗ -2.0559∗∗∗
(-9.65) (-8.26) (-8.17) (-7.19)
Indvol. 0.1049∗ 0.0975∗ 0.0229 0.0133
(1.84) (1.73) (0.68) (0.40)
Cfvol. 0.4273∗∗ 0.4008∗ 0.5427∗ 0.4227
(1.97) (1.86) (1.93) (1.50)
Div. -0.0079 -0.0157 -0.0194 -0.0260
(-0.32) (-0.64) (-0.77) (-1.02)
Observations 3612 3612 2887 2887
R2 0.731 0.733 0.754 0.757
Firm ﬁxed eﬀects Yes Yes Yes Yes
Industry ﬁxed eﬀects No Yes No Yes
t statistics in parentheses ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
a Treat=1 if ﬁrm is corndependent (treated); 0 if ﬁrm is corn independent (control).
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The dummy variable Treat captures the diﬀerences between the treatment and
control groups prior to the shock. The time period dummies, After2005 and After2012,
capture aggregate factors that would cause changes in cash holdings even in the absence
of the shock. The coeﬃcients of our interest, Treatxafter2005 and Treatxafter2012,
multiply the interaction term, Treat x After2005 for the expected shock and Treat x
After2012 for the unexpected shock, which is the same as a dummy variable equal to
one for those observations in the treatment group in the second period. The diﬀerence-
in-diﬀerences estimate is given to Equation 4.4:
Treatxpost1 = y¯Post,Treated − y¯Post,Control − y¯Before,Treated − y¯Before,Control (4.4)
As we predict the coeﬃcient on Treatxafter2012 suggests that ﬁrms experiencing
unexpected shock retain more cash than ﬁrms do not face the shock. Corndependent
ﬁrms held 7.26% more cash, on average, than cornindependent ﬁrms after the unexpected
shock, statistically signiﬁcant at the 10% level. It conﬁrms our ﬁrst hypothesis.
The coeﬃcient on Treatxafter2005, that represents the expected shock on treated
group, has no statistical signiﬁcant impact on cash holdings. Considering only this ﬁnding,
we cannot conﬁrm our second hypothesis that ﬁrms hold more cash after unexpected
shocks than would do by facing expected shocks. Nonetheless, we can infer that as the
expected shock is not statistical signiﬁcant ﬁrms might anticipate their corporate decisions
preparing for the expected shock. Therefore, it is expected that the 2005 Energy Act would
have low impact on corporate decisions.
From Table 4.6 we notice other statistically and economically signiﬁcant impact at
the 1% level on lagged net cash holdings, leverage, cash ﬂows, acquisitions, ﬁrm size,
R&D, net working capital and capital expenditures for corn-dependent ﬁrms after the
unexpected 2012 corn shortfall .
We assess that a single standard deviation increase in leverage, all else equal, is
associated with a 16.97% and 25.6% decrease in the net cash holdings ratio after the un-
expected and expected shock, respectively. The eﬀect of leverage ratio of corn-dependent
ﬁrms on cash holdings are higher after the expected shocks than the unexpected shocks.
The intuition is that corndependent ﬁrms maintain less cash to decrease its debt and
increase their debt capacity.
When ﬁrms make acquisitions or ﬁnance new investments, it is expected a decrease
of cash holdings. We capture that a single standard deviation increase in capital expen-
ditures, all else equal, is associated with a 12.16% decrease in the net cash holding ratio
after the unexpected shock.
As we prior observed, R&D and net working capital highly impact corporate cash
holdings either on unexpected or expected shocks. We appraise that a single standard
deviation increase in R&D after the 2012 corn shortfall, all else equal, is related to a
42.72% increase in the net cash holding ratio. Likewise, a single standard deviation
increase in net working capital after the unexpected shock is associated with a 27.65%
decrease in the net cash holding ratio.
Other interesting result we assess was the impact of the R&D spending on cash
holdings after the 2005 Energy Act for corndependent ﬁrms. Following the expected
shock, a single standard deviation increase in R&D is related to 42.59% increase in the
net cash holdings. The results suggest that corndependent ﬁrms after the expected
shock also rely more on cash holdings rather than external ﬁnancing to sustain their
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R&D projects as they did after the unexpected shock.
Nonetheless, the impact of the 2005 Energy Act on the relationship between cash
holdings and net working capital was less intense than R&D spending. We assess that
one single standard deviation increase in net working capital after the expected shock
decreases cash holding ratio by 25.35%.
Analysing the relationship between cash ﬂows and cash holdings after the 2012 corn
shortfall, we estimate that a single standard deviation increase in cash ﬂows, all else equal,
is associated with a 12.89% increase in the net cash holdings ratio. We also ﬁnd that cash
holdings are negatively related to ﬁrm size and acquisitions, corroborating ﬁndings in
Bates et al. (2009) and Harford et al. (2008).
4.4.2 The eﬀect of expected and unexpected shocks on corporate cash hold-
ings for ﬁnancially constrained and unconstrained ﬁrms
Bates et al. (2009) highlight that ﬁrms with higher R&D spendings are assumed to
have greater costs of ﬁnancial distress and higher cash holdings. As the coeﬃcient on R&D
from the previous analysis indicates that ﬁrms with higher R&D ratios hold more cash,
we explore the inﬂuence of ﬁnancial constraints around these two events. Considering
that, we also investigate our third hypothesis that ﬁnancially constrained ﬁrms hold more
cash than unconstrained ﬁrms after unexpected shocks.
To this end, we sort ﬁrms annually into three groups, based on the degree of ﬁnancial
constraints. For size and Whited and Wu index, we assign to the ﬁnancially constrained
(unconstrained) group those ﬁrms in the bottom (top) three terciles of the size distribu-
tion. For bond rating, we ascribe ﬁrms that never had their public debt rated during our
sample period as ﬁnancially constrained, and unconstrained otherwise. We next employ
Equation 4.1 separately for each pooled tercile. The set of controls includes size, cash-
ﬂow, net working capital, growth opportunities, cash ﬂow volatility, capital expenditures,
leverage, dividend, research and development, acquisitions, and industry volatility.
Table 4.7 shows the ﬁndings for our third hypothesis. The coeﬃcient on Treatx-
after2005 is not statistical signiﬁcant at any ﬁnancial constraint measure, conﬁrming
that ﬁnancial constraints do not inﬂuence corndependent ﬁrms after the expected shock.
Nonetheless, the result related to the coeﬃcient on Treatxafter2012 regarding size sug-
gest that ﬁnancially constrained corndependent ﬁrms reserve 14.66% more cash holdings
than ﬁnancially constrained cornindependent ﬁrms after the 2012 corn shortfall, sta-
tistically signiﬁcant at 10% level. Moreover, the coeﬃcient on ﬁnancially unconstrained
ﬁrms is not statistically diﬀerent from zero, such as in Almeida et al. (2004), where




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Although we do not reject our third hypothesis that ﬁnancially constrained ﬁrms
hold more cash than unconstrained ﬁrms after unexpected shocks, we do not reach strong
statistical evidence towards the other ﬁnancial constraint measures.
The results in Table 4.7 also reinforce prior ﬁnancial constraint literature. We assess
that a single standard deviation increase in leverage for ﬁnancially constrained ﬁrms after
the 2005 Energy Act, all else equal, is associated with 33.45% to 44.83% decrease in
the net cash holdings ratio, on average. The impact depend on the ﬁnancial constraint
measure used but all proxies are statistically signiﬁcant at 1% level. Whereas a same
increase in leverage for ﬁnancially unconstrained ﬁrms over the shock decreases the cash
holdings ratio only by 12.84%.
The relationship between cash ﬂow and cash holdings is positive, statistically sig-
niﬁcant for constrained ﬁrms at 5% level. Nevertheless, the coeﬃcient on cash ﬂows for
unconstrained ﬁrms are not statistical signiﬁcant in all ﬁnancial constraint measures.
It conﬁrms ﬁndings in Almeida et al. (2004) that present a strong positive relation
between cash ﬂow and cash holdings for ﬁnancially constrained ﬁrms but no relation for
unconstrained ﬁrms. As unconstrained ﬁrms should depend neither on current cash ﬂows
nor on future investment opportunities, no systematic patterns in cash policies might also
be noticed.
A signiﬁcant impact through all measures is noticed on acquisitions, R&D, net
working capital and capital expenditure coeﬃcients for ﬁnancially constrained ﬁrms. Al-
though we previously ﬁnd that these variables are signiﬁcant determinants of corporate
cash holdings behaviour, Table 4.7 presents separated parameters that allow us to compare
ﬁnancially constrained and unconstrained ﬁrms.
We measure that a single standard deviation increase in acquisitions for ﬁnancially
constrained ﬁrms following the 2005 Energy Act, all else equal, is associated with 16.68%
decrease in the net cash holdings ratio, on average, statistically signiﬁcant at 1% level.
While the same increase in acquisitions for unconstrained ﬁrms decreases the cash holding
ratio only by 3.61%, statistically signiﬁcant at 1% level. By estimating the impact of
2012 corn shortfall on the relationship between acquisitions and cash holdings for both
groups we observe the same pattern between expected and unexpected shocks. It could
suggest that ﬁrms though aﬀected by the shocks do not follow diﬀerent policies regarding
acquisitions during these two periods.
After both shocks, constrained ﬁrms retain more cash, on average, than uncon-
strained ﬁrms to support their R&D spending. A single standard deviation increase in
R&D ratio leads to, on average, a 38.66% and 37.37% increase in cash holdings for ﬁ-
nancially constrained and unconstrained ﬁrms, respectively, statistically signiﬁcant at 1%
level. Nevertheless, as we do not ﬁnd a signiﬁcant diﬀerence between the coeﬃcients on
R&D for constrained and unconstrained ﬁrms under the inﬂuence of both shocks, it is
diﬃcult to aﬃrm that ﬁrms rely on cash holdings to pursue their R&D projects due to
external ﬁnancial constraints.
The eﬀect of both shocks on relationship between capital expenditures and cash
holdings, in turn, was more economically signiﬁcant for constrained ﬁrms than for uncon-
strained ones. A single standard deviation increase in capital expenditures for ﬁnancially
constrained ﬁrms reduces their corporate cash holdings by 15.92% while decreases only
by 7.08% for their unconstrained peers, on average.
Finally, the relationship between net working capital and cash holdings is extremely
more sensitive for ﬁnancially constrained ﬁrms than unconstrained ones. On both ex-
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ogenous events, a onestandard deviation increase in net working capital ratio leads to a
34.78% decrease in cash ratio for ﬁnancially constrained ﬁrm while reduces only by 12.68%
the cash holdings reserved by unconstrained ﬁrms. In this regard, ﬁrms with lower cash
holdings and lower net working capital might have diﬃcult to borrow money at low cost
(Sagan, 1955).
4.4.3 The impact of expected and unexpected shocks on the relationship
between corporate cash holdings and derivatives use
So far we have shown a positive eﬀect of unexpected shocks on corporate cash holding
behaviour regardless of ﬁrm's ﬁnancial constraint status. We then propose to explore the
relationship between cash holdings and derivative use posterior expected and unexpected
shocks. Speciﬁcally we will test whether cash holdings are negatively related to the use of
derivative instruments and if ﬁrms that do not use derivatives rely more on cash holdings
than do their peers that use derivatives.
The eﬀects of expected and unexpected shocks on the relationship between cash
holdings and derivatives use are presented in Table 4.8.
Derivatives use and cash holdings are not related to each other following the expected
shock in 2005. Nonetheless, we ﬁnd that cash holdings and derivative instruments are
negatively related after the 2012 corn shortfall. It endorses our fourth hypothesis that
cash and derivatives are used as substitute to manage corporate risk. The coeﬃcient on
derivative user shows that ﬁrms that rely on derivative instruments decrease by 9.66%
their cash reserves compared to ﬁrms who employ no ﬁnancial derivative.
To conﬁrm the prior result of Table 4.8, we further investigate what would be the
impact of expected and unexpected shocks on cash holdings considering ﬁrms that use
derivatives and those do not use separately. We then sort ﬁrms annually into two groups,
based on the derivatives use, running diﬀerenceindiﬀerences regressions separately for
each one in both shocks. We employ ﬁrm and industry ﬁxed eﬀects and also control
for other determinants that could aﬀected cash holdings. The set of controls includes
size, cashﬂow, net working capital, growth opportunities, cash ﬂow volatility, capital
expenditures, leverage, dividend, research and development, acquisitions, and industry
volatility.
Table 4.9 displays the inﬂuence of expected and unexpected shocks on cash holdings
regarding the use of derivatives. Table 4.9 oﬀers a clear and separated eﬀect between
derivative users and non derivative users. We therefore could exploit interesting results
from it.
First, the expected shock did not impact diﬀerently cash holdings between corn
dependent ﬁrms and cornindependent ﬁrms. Although the coeﬃcient on Treatxafter-
2012 for derivative user is not statistical signiﬁcant as well, the parameter on non deriva-
tive user show what we are looking for.
Corndependent ﬁrms that do not employ derivative instruments hold 14.53% more
cash than cornindependent ﬁrms following the unexpected shock. It suggests that as
derivative users hedge their ﬁnancial risks they do not need to hold cash for precautionary
reasons. Unlikely, corndependent ﬁrms that do not use derivatives instruments are much
more exposed to the unexpected price volatilities than ﬁrms that use derivative.
We also observe diﬀerent eﬀects on other corporate policies between both groups.
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Table 4.8: The relationship between cash holdings and derivatives use: Expected and
unexpected shocks.
Dependent variable: Net cash holdings Expected shock Unexpected shock
Treat. -0.0699∗∗ -0.1126∗∗∗ -0.1039∗∗∗ -0.1850∗∗∗









Derivative user. -0.0294 -0.0290 -0.0882∗∗∗ -0.0966∗∗∗
(-1.41) (-1.37) (-3.86) (-4.22)
L.Net Cash. -0.0036 -0.0033 0.1103∗∗∗ 0.1105∗∗∗
(-0.25) (-0.23) (4.29) (4.30)
Lev. -0.9812∗∗∗ -0.9968∗∗∗ -0.6278∗∗∗ -0.6338∗∗∗
(-14.91) (-14.84) (-8.68) (-8.80)
Mtb. -0.0114 -0.0124 -0.0110 -0.0094
(-0.84) (-0.91) (-0.69) (-0.59)
Cﬂow. 0.2127 0.2170 0.5789∗∗∗ 0.5820∗∗∗
(1.59) (1.63) (3.65) (3.70)
Acq. -1.9132∗∗∗ -1.8389∗∗∗ -1.4668∗∗∗ -1.4338∗∗∗
(-9.71) (-9.23) (-7.18) (-6.90)
Firm Size. -0.0366∗∗∗ -0.0383∗∗∗ -0.0315∗∗∗ -0.0334∗∗∗
(-4.94) (-5.14) (-3.58) (-3.72)
R&D. 1.5364∗∗∗ 1.4715∗∗∗ 1.5474∗∗∗ 1.4400∗∗∗
(14.25) (13.17) (12.46) (11.13)
Nwc. -0.8067∗∗∗ -0.8631∗∗∗ -0.8342∗∗∗ -0.9223∗∗∗
(-11.19) (-10.85) (-8.71) (-9.09)
Capex. -2.2383∗∗∗ -2.0750∗∗∗ -2.1390∗∗∗ -2.0535∗∗∗
(-9.52) (-8.18) (-8.16) (-7.23)
Indvol. 0.1069∗ 0.0991∗ 0.0224 0.0114
(1.88) (1.77) (0.67) (0.34)
Cfvol. 0.4288∗∗ 0.4013∗ 0.5434∗ 0.4166
(1.98) (1.86) (1.93) (1.48)
Div. -0.0075 -0.0153 -0.0198 -0.0255
(-0.31) (-0.63) (-0.79) (-1.00)
Observations 3612 3612 2887 2887
R2 0.731 0.733 0.755 0.759
Firm ﬁxed eﬀects Yes Yes Yes Yes
Industry ﬁxed eﬀects No Yes No Yes
t statistics in parentheses ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Subsequently to the unexpected shock, leverage, acquisitions, R&D, net working capital
and capital expenditures have lower impact on cash holdings for ﬁrms that use derivative
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Table 4.9: Expected and unexpected shocks on cash holdings regarding the use of deriva-
tives.
Depend. variable: Net cash holdings Expected shock Unexpected shock
Non usera User Non user User
Treat. -0.1423∗∗∗ 0.0097 -0.2974∗∗∗ -0.1297∗









L. Net Cash. -0.0028 -0.0139 0.1247∗∗∗ -0.0503
(-0.17) (-0.62) (3.50) (-1.23)
Lev. -1.1077∗∗∗ -0.3893∗∗∗ -0.7055∗∗∗ -0.4578∗∗∗
(-13.85) (-2.69) (-6.11) (-4.78)
Mtb. -0.0103 -0.0534 -0.0212 0.0269
(-0.70) (-1.22) (-0.93) (0.89)
Cﬂow. 0.2477∗ 0.5368 0.8158∗∗∗ 0.3243
(1.72) (1.01) (3.58) (1.24)
Acq. -2.1487∗∗∗ -0.6860∗ -2.2948∗∗∗ -0.6555∗∗∗
(-8.62) (-1.93) (-5.49) (-3.09)
Firm Size. -0.0363∗∗∗ -0.0066 -0.0366∗∗ -0.0278∗∗
(-4.22) (-0.49) (-2.32) (-2.31)
R&D. 1.3906∗∗∗ 1.5085∗∗∗ 1.4641∗∗∗ 1.1185∗∗∗
(11.79) (3.96) (8.52) (3.76)
Nwc. -0.9372∗∗∗ -0.0441 -0.9794∗∗∗ -0.6330∗∗∗
(-11.12) (-0.18) (-7.38) (-3.94)
Capex. -2.1772∗∗∗ -1.1781∗∗ -2.2520∗∗∗ -1.2984∗∗∗
(-7.40) (-2.24) (-4.59) (-2.73)
Indvol. 0.1352∗∗ 0.0771 0.0158 -0.0495
(1.97) (0.87) (0.28) (-0.81)
Cfvol. 0.3709 1.2210∗ 0.3036 1.4501∗∗∗
(1.56) (1.91) (0.81) (2.72)
Div. -0.0278 0.0119 -0.0669 -0.0280
(-0.94) (0.28) (-1.45) (-0.87)
Observations 3066 546 1735 1152
R2 0.737 0.821 0.802 0.790
Firm ﬁxed eﬀects Yes Yes Yes Yes
Industry ﬁxed eﬀects Yes Yes Yes Yes
t statistics in parentheses ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. aNon-user is the ﬁrm that not use
derivative instrument and user is the ﬁrm that use derivative instrument.
than for those do not use derivatives.
We assess that a single standard deviation increase in acquisitions leads to a 10.39%
decrease in cash holdings for non derivative users. While this increase inﬂuence only a
2,97% decrease in cash ratio for derivative users. We also estimate that a single standard
deviation increase in net working capital is associated with a 28.74% decrease in cash
holdings for non derivative users. Whereas it could be evaluated that the same increase
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reduces the cash holdings for derivative user only by 18.58%, statistically signiﬁcant at
1% level.
We ﬁnd that cash holdings for ﬁrm that do not use derivatives are more sensitive
regarding capital expenditures. A single standard deviation increase in capital expen-
ditures leads to a 12.36% decrease in capital expenditures for non derivative users and
7.36% decrease for derivative user.
The ﬁndings on acquisitions and capital expenditures suggest that hedging mitigates
ﬁnancial risks and induces ﬁrms to invest more. According to C.-M. Lin, Phillips, and
Smith (2008), ﬁrms that use ﬁnancial hedging invest more in risky projects and use less
debt in order to maximise their comparative advantage. In Carter et al. (2006), hedging
improves the airline ﬁrm's ability to invest in economically proﬁtable projects and have
higher optimal valuations.
Analysing the impact of leverage on cash holdings after the unexpected shock, we
appraise that a single standard deviation increase in leverage leads to respectively a 18%
decline in cash reserves for non derivative users and 11.68% for derivative users, statis-
tically signiﬁcant at 1% level. Following the expected shock, a single standard deviation
increase in leverage leads to respectively a 28.26% decline in cash reserves for non deriva-
tive users and 9.93% for derivative users, statistically signiﬁcant at 1% level.
It suggests that ﬁrms using derivatives have more debt capacity and internal funds.
In turn, it also leads to reduce external ﬁnancing costs and decrease the probability of
future ﬁnancial distress (Leland, 1998; Froot et al., 1993; Smith & Stulz, 1985).
We further notice that cash ﬂow volatility aﬀects cash holdings for derivative users,
statistically signiﬁcant at 1% level. A single standard deviation increase in cash ﬂow
volatility induces derivative users to increase their cash holdings by 17.71%. Although
hedging via derivatives provide corporate liquidity when ﬁrms need at most, Mello and
Parsons (2000) argue that the use of derivatives is eﬃcient only when ﬁrms have lower
costs of external ﬁnancing and higher cash resources to support hedging strategies.
Froot et al. (1993) suggest that ﬁrms do not hedge must aﬀect the amount of money
raised externally or the volume of investment. If ﬁrms have variation in cash holdings
and cash ﬂows and there is an increase in costs of external ﬁnancing, ﬁrms will bypass
growth opportunities and decrease investment amounts.
Lastly, we evaluate that a single standard deviation increase in R&D ratio is related
to a 37.24% increase in cash holdings for non derivative user. While the same increase in
R&D spendings leads to a 34.65% decrease in cash ratio.
In this regard, the results suggest that ﬁrms with lower cash holdings and higher
growth opportunities, represented for higher R&D ratios, are likely to have a greater level
of sensitivity between derivative usage and growth cash holdings. Therefore, with higher
investment opportunity use derivatives more when they also have relatively lower levels
of cash.
Nonetheless, when we analyse the relationship between growth opportunities, rep-
resented by the market-to-book ratio, cash holdings do not ﬁnd signiﬁcant relation as in
Graham and Rogers (2002) and Mian (1996).
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4.4.4 Further analysis
As further research, we explore the relationship between cash holdings and derivative
use between corndependent ﬁrms that used and not used derivative instruments. To
this end, we split our initial sample into two groups, corndependent ﬁrms that employ
derivative as ﬁnancial instrument risk and corndependent ﬁrms that do not us derivatives.
We use a modiﬁed version of our model as showed in Equation 4.5:
Cashholdingsi,t = β1 + β2Treatedi + γ1Zi,t + ηi + %t + υi,t. (4.5)
Where: Cash holdings i,t = cash holdings measured by cash and cash equivalents divided
by total assets minus cash and cash equivalents (net assets).
Treatedi = a dummy equal one if corndependent ﬁrm uses derivatives; 0 if corndependent
ﬁrm does not use derivatives
Zi,t = vector of control variables.
ηi = ﬁrm ﬁxed eﬀects.
%t = industry ﬁxed eﬀects.
υi,t = error term.
We conﬁrm our prior results in Table 4.10. After the unexpected shock, corn
dependent ﬁrms that used derivatives retained less cash than their peers that do not
use derivatives. The ﬁndings also show that corndependent ﬁrms that used derivatives
engage more in R&D activities and have higher cash ﬂows than ﬁrms that did not use
derivatives.
4.5 Concluding remarks
In this paper, we propose to analyse several important issues related to corporate
cash holdings using two exogenous variation that produce expected and unexpected shocks
on corn price volatilities in the American market. The ﬁrst expected shock on corn prices
was the implementation of The Energy Policy Act of 2005 and the second unexpected
shock on corn prices was the corn shortfall caused by a drought that happened in the
United States in July, 2012.
Employing diﬀerence-in-diﬀerences approach around these two shocks we ﬁnd in-
teresting results. First, we show that there are diﬀerences in cash holdings for ﬁrms
exposed to expected and unexpected shocks compared to ﬁrms that are not exposed by
the shocks. Corndependent ﬁrms (exposed to the shocks) retained 7.26% more cash than
corn independent ﬁrms (control group).
We also ﬁnd that expected and unexpected shocks diﬀerently aﬀect corporate cash
holding arrangements when ﬁnancial derivatives are used by ﬁrms. Corndependent ﬁrms
that used ﬁnancial derivatives signiﬁcantly decreased the amount of cash reserves after
both exogenous shocks compared to corn independent ﬁrms. This ﬁnding suggest that
cash holdings and ﬁnancial derivatives are substitute instruments to manage corporate
risk.
We also show that hedging enabled corndependent ﬁrms to have more debt capacity,
increase their R&D activities and invest more. We further ﬁnd that corndependent ﬁrms
were less aﬀected by the expected shock than to the unexpected shock. It may imply that
ﬁrms could previously prepare their corporate decisions to the impact of the 2005 Energy
Act (expected shock).
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Table 4.10: Further analysis: Cash holdings and derivative use on expected and unex-
pected shocks for corndependent ﬁrms
Dependent variable: Net cash holdings Expected shock Unexpected shock
2004 2006 2011 2013
Treated∗ 0.0322 0.0366 -0.0117 -0.1054∗∗
(1.38) (0.82) (-0.41) (-2.11)
L. Net Cash 0.5154∗∗∗ 0.5502∗∗∗ 0.5113∗∗∗ 0.4363∗∗∗
(7.43) (6.87) (6.04) (5.03)
Lev -0.6469∗∗∗ -0.6494∗∗∗ -0.3507∗∗∗ -0.4821∗∗∗
(-3.80) (-3.97) (-2.95) (-3.23)
Mtb -0.0100 -0.0085 0.0015 -0.0540∗∗
(-0.31) (-0.29) (0.05) (-2.23)
Cﬂow 0.0084 0.1186 0.6318∗∗∗ 0.5064∗∗
(0.03) (0.43) (2.59) (1.97)
Acq -2.4310∗∗∗ -2.1495∗∗∗ -1.7288∗∗∗ -1.4895∗∗∗
(-3.76) (-4.46) (-4.34) (-3.33)
Firm Size -0.0165 -0.0042 -0.0217∗ -0.0259
(-1.49) (-0.30) (-1.73) (-1.54)
R&D 0.7775∗∗∗ 0.8489∗∗∗ 0.6902∗∗∗ 1.2129∗∗∗
(3.63) (3.09) (2.87) (4.26)
Nwc -0.5026∗∗∗ -0.4866∗∗∗ -0.4244∗∗ -0.6714∗∗∗
(-3.04) (-3.32) (-2.49) (-4.11)
Capex -2.0355∗∗∗ -3.0119∗∗∗ -1.1998∗∗ -1.2010∗∗
(-2.85) (-4.84) (-2.30) (-2.58)
Indvol 0.1456 0.0094 -0.0889 0.1238
(0.69) (0.06) (-0.58) (0.91)
Cfvol -0.5556 -0.7403∗ 0.8144 -0.3863
(-1.19) (-1.83) (1.36) (-0.81)
Dividend -0.0187 -0.1241∗∗∗ 0.0091 0.0143
(-0.57) (-3.10) (0.26) (0.34)
Observations 429 457 376 353
R2 0.814 0.844 0.784 0.824
Firm ﬁxed eﬀects Yes Yes Yes Yes
Industry ﬁxed eﬀects Yes Yes Yes Yes
t statistics in parentheses.∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Treated=1 if corndependent ﬁrm uses
derivatives; 0 if corndependent ﬁrm does not use derivatives.
In sum, our evidence, both anecdotal as well as statistical, indicates that corn
dependent ﬁrms facing an unexpected shock reserve more cash than the matched group
that do not experience the shock. We further ﬁnd that ﬁnancially constrained ﬁrms also
maintain higher cash balances than unconstrained ﬁrms. Our results shows that cash
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holdings and derivatives play a substitute role on risk management strategy for corn-
dependent ﬁrms. The ﬁndings suggest that ﬁrms that used derivatives are less sensitive
to exogenous shocks than ﬁrms that did not use these ﬁnancial hedging instruments.
We also face limitations in this study. The lack of derivative usage database limited
our research to explore long-term eﬀects of both shocks. There are few data covering corn
shortfall and its economic impact. We cannot infer the results for other types of ﬁrms
rather than corn-dependent. Finally, we do not consider the derivative notional amount
in our paper. For instance, it could show how ﬁrms interact corporate hedging, liquidity
and ﬁnancing strategies after experiencing exogenous shocks.
Although we notice that net working capital and R&D activities perform a strong
inﬂuence on cash holdings for ﬁrms that use derivatives, we recognise these points require
further investigations as they might inﬂuences other corporate decisions such as short-term
leverage and long-run investments.
We also do not examine the eﬀects of expected and unexpected shocks on ﬁrm
value. It could be fruitful for future research to analyse how corporate liquidity and
hedging strategies adopted by ﬁrms enhance corporate value.
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D Main signiﬁcant relationships reported between cash holdings

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E Main signiﬁcant relationships reported between cash holdings
(dependent variable) and several independent variables by paper
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